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Chapter 2 
TRANSFORMER Installation Guide 


Of course, the first thing you’11 want to do when you get your TRANSFORMER 
is try it cut. This setup guide will help install your TRANSFORMER hardware 
in your IBM PC, IBM PC XT, or compatible computer system. It will also 
show you how to load and run a special program which allows you to test the 
installation. 


You can usually install the TRANSFORMER and have it up and running in only a 
few minutes. In these installation instructions, we assume that you are 
somewhat familiar with your computer’s hardware and with DOS software 
operation. We also assume that the TRANSFORMER will be installed as 
shipped, without modification, and that it will be operated in additicn to 
or asa direct replacement for an IBM display adapter (that is, using the 
same I/0 port addresses). Read through these setup instructions before you 
begin. If you are unsure about any of the procedures, consult the 
references mentioned. 


2.1 What's Shipped in the TRANSFORMER Package? 


The TRANSFORMER package includes both hardware and software. The package 
includes: 


e The TRANSFORMER board -- configured at the factory for your monitor. 
A DAC chip is installed if you are using an analog monitor. 


@ (OPTIONAL) A video interface cable. If you are using an analag 
monitor, a cable with separate 75 ohm BNC-type connectors for RGB input 
to your monitor is shipped in the TRANSFORMER package. If you have a 
TTL monitor, you will be using the video interface cable supplied with 
your monitor, unless you specifically ordered a monitor cable with your 
TRANSFORMER. 


@ A plastic adapter card guide. 
e The Artist TRANSFORMER Utilities and Graphics Primitives diskette. 
e@ The Artist TRANSFORMER Tutor 3 diskette (includes INTROG.COM. 
@ The TRANSFORMER Setup Specification sheet. 
e This User’s Guide. 
Verify that you have these items. If anything 15 missing or damaged, contact 


your dealer. Note that Appendix A of this guide lists the files currently 
shipped on each distribution diskette. 
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2.2 What You Need 


In addition ta the items shipped in the TRANSFORMER package, you will need 
the following items to complete the TRANSFORMER installation and setup: 


e IBM PC, IBM PC XT, IBM PC AT or compatible system with at least one 
double-sided diskette drive. 


e Your graphics monitor (the one specified for use with the TRANSFORMER). 
e The video interface cable (if you are supplying this cable). 
@ A medium size flat head screwdriver or a 3/16" nut-driver or wrench. 
e DOS Version 2.8 or later operating system files. 
e Two or more blank diskettes. 
Optional, but extremely helpful, are your computer and monitor hardware 
manuals as well as the operating system manuals. 
2.35 Preparing the Test Software 
1. If possible, you should make back-up copies of all the disks shipped in 
your TRANSFORMER package before you proceed with the hardware | 
installation. If you have only one computer and the TRANSFORMER is 
your only display adapter, you can make the back-up ceapies after the 
board is installed. See Section 2.6 Testing the System for more 


information. 


Before yau begin the installation, prepare a bootable test diskette soa 
that you can check out the system after the TRANSFORMER Ae) a ear eee: 


fit 


If you are using a TTL moniter with your TRANSFORMER, you can use any 
bootable DOS system disk to start the system and operate in a standard 
IBM mode. All you need to do ta prepare a new test disk is ta copy the 
files from the Tutor 3 diskette toa any baetable system disk. 


If you are using an analog monitor with your TRANSFORMER, you must 
prepare a bootable DOS system disk which alse cantains the 
initialization file LDLT.COM, the system start up file AUTOEXEC. BAT 
(which includes the command to run LDLT.COM), as well as the files 
shipped on the Tutor 3 diskette. 


If you do not have a display adapter card installed in your system and 
a working monitor, you can make the bootable system disk after you 
complete the TRANSFORMER installation. Section 2.6 Testing the System 
explains how ta start the system without the test diskette prepared in 
the steps below. 
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Follow these steps to prepare the test diskette: 
a. Power up the system and start DOS. 


b. With the DOS system disk in drive A and a blank diskette in drive 
B, enter the command: 


A>FORMAT B:/8 


When the formatting cperation is completed, exit FORMAT by typing 
"N" at the prompt. 


c. Insert the TRANSFORMER Tuter 3 disk in drive A and enter this 
command : 


A> COPY Ar#.% Br 


When the copy operation is completed, remove the TRANSFORMER Tuter 
3 diskette from drive A and put it in a safe place. 


d. The test program you will be using is INTROS. COM. This program 
should not be operated after the DOS conscle device driver program 
ANSI.SYS has been loaded because ANSI.SYS contains a value which 
resets the TRANSFORMER mode register ta 88 x ¢5 text mode whenever 
the screen is scrolled. Sco that a ANSI.SYS device driver is not 
loaded at start up, you can erase the CONFIG.SYS file shipped om 
the Tutor 3 diskette and copied to your new diskette in step ‘c" 
above. To erase the file, enter the command: 


A> ERASE B:CONFIG. SYS 


Fut the diskette that you just made aside. You will use this diskette 
ta test the system when you have completed the installation. 


In additieon ta the test program INTROS, the TRANSFORMER Tutor 3 
diskette contains a program called TUTORS which allows you ta try out 
the functions af the ARTLIB graphics primitives library. You may warit 
to prepare a TUTORS diskette at this time. To da that, use the second 
blank diskette ard fallow these steps: 


a. With the DOS system disk in drive A and a blank diskette in drive 
BR, enter the commands 


A>FORMAT B/S 


Wher the formatting cperation is completed, exit FORMAT by typing 
"N" at the prompt. 


b. TUTORS uses the ANSI.SYS console device driver. Ta capy the DOS 
file ANSI.SYS to the new diskette, enter this command: 


A>COPY ALANSI.SYS Br 


eh) 
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c. Insert the TRANSFORMER Tutor 3 disk in drive A and enter this 
command : 


A>COPY Ar%.* Br 


When the copy cperation is completed, remove the TRANSFORMER Tutor 
3 diskette from drive A and put it in a safe place. 


Whenever you want to use the TUTORS pregram, load DOS from this new 
diskette (at power up or reset the system with CTRL-ALT-DEL) so 
ANSI.SYS becomes the console driver. When you exit fram the TUTORS 
program, reset the system again using a system disk which does NOT 
contain ANSI. SYS. 


NOTES for Users of the TRANSFORMER Analog Version: 


If you are using am analog versicon of the TRANSFORMER, the program 
LDLT.COM must be run whenever the system is turned on in order to 
initialize the TRANSFORMER for standard coler output. Although 
the values loaded by LDLT into memory at power-up are not 
disturbed at a system reset (CTRL-ALT-DEL), loading LDLT whenever 
DOS is booted does no harm. 


The command file AUTOEXEC. BAT that you copied from the Tutor 3 
diskette includes the LDLT command, which tells DOS ta search for 
and load LDLT.COM at each system start up. While you can use this 
diskette as your boot disk whenever you power up the system, you 
Will prebably want to prepare a new system boot disk or modify 
your present boot disk and include only the TRANSFORMER files 
necessary for system initialization. 


Setting Up the TRANSFORMER 
Remove the TRANSFORMER from its packing material. 


Wher you ordered your TRANSFORMER, the board was individually 
configured at the factory toa match your monitor type. The TRANSFORMER 
Setup Specification sheet describes the configuration of your 
TRANSFORMER beard. Check that the beard is cenfigured properly far 
your manitor and system setup. 


If you are using an analog monitor, be sure that the DAC chip is 
installed in the upper right corner af the card. If you ordered a TTL 
compatible version of the TRANSFORMER, the socket shauld be empty. 


You may also want to check that the TRANSFORMER’s video syne cutputs 
match your monitor’s inputs. Your moniter manual should list the 
monitor’s video sync input specifications. 


Chapter 7 of this manual explains how the TRANSFORMER configuration 
options are set and how they can be modified. 


ei) 
| 
aS 
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Install ai jumper block across twa (2) pins af Jl ta select the 
TRANSFORMER’s operating mode -- that is, it selects the I/O port base 
address. This jumper determines whether the TRANSFORMER operates like 
an IBM morechrome display adapter, an IBM color/graphics display 
adapter, or both. 


Jumper Jl is a Berg-strip header, located in the lower middle section 
of the card, below the uPD7220 and MC6845 chips. Your jumper options 
are "NM" -— ne OeREONE: "C" -- calor, or "B" -- both. 
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Figure £.1 TRANSFORMER Board Layout and Jumper Ji 


If the TRANSFORMER is the ONLY display adapter card installed in the 
system and you want the TRANSFORMER toa Simulate both the IEM 
Color/graphics adapter and the IBM monochrome adapter, be sure that the 
jumper block is installed across the two middle pins of Ji. 


[If you want the TRANSFORMER to operate as if it were an IBM mornochreme 
adapter, place the jumper block across the two pins at the right of Ji. 
Select this option if an IBM color/graphics adapter is also installed 
in the system. 


If you want the TRANSFORMER to ceperate as if it were arn IBM 
Color/graphics adapter, place the Jumper block across the two pins at 
the left of Ji. Select this option if an IBM monochrome display 
adapter is alsa installed in the system. 


fi 
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2.5 Installing the TRANSFORMER 


Follow the steps outlined here to install the TRANSFORMER board in your IBM 
PC or IBM PC XT. If you are not using an IBM PC or PC XT, these 
installation instructions may not be exactly correct. If you are using some 
ether compatible hardware system, you will need to consult your computer’s 
hardware manual for guidance in installation of expansion boards. 


1. Turn the power off the computer’s System Unit and all peripherals 
cormected to it. | 


— Disconnect all power cords and cables from the System Unit. 
Se If necessary, move the System Unit to a clear work surface. 


4, Using the screwdriver, nut-driver, or wrench, remove the cover mounting 
screws on the back of the system unit cabinet. Some System Unit 
cabinets have only two mounting screws on the lower corners. Other 
units have five screws, one at each corner and one at the center of the 
cabinet’s back panel. | 


Je ees 
= es 
Figure c.c System Unit Back Panel Mounting Screws 


we Remove the System Unit cover. To do this, gently slide the cover 
forward until it stops and then lift slightly to campletely remove it. 


6. Locate the system expansion slot where you will install the TRANSFORMER 
beard. The TRANSFORMER can be installed in any full length slot. 


V0 If there is no other display adapter already installed in the system, 
or if you are installing the TRANSFORMER in a new slot as a second 
adapter, remove the blank expansion slot cover from the cabinet back 
panel at the position where you want to install the TRANSFORMER. 
First, remove the screw that holds the metal slot cover in place = and 
then, pull the slot cover aut. Save the slot cover for later use. 


Figure e¢.3 illustrates the interior of the System Unit. It shows the 
expansion slots and the expansion slot covers. 
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_— Expansion Slot Covers 
SWITCH L 


Figure 2.3 Interior of System Unit 


Snap the plastic card guide into the front of the cabinet sppasite the 
expansion slot you selected. Look for a double row af holes at the 
front of the cabinet. Position the card guide vertically, parallel to 
the holes and push it into place. | 


If you are replacing a previously installed display adapter card, you 
must first remove the card you want ta replace. Locate the card = and 
remave the screw in the back panel which holds the card's retaining 
bracket in place. Grasp the top edge of the card and pull firmly toa 
lift the card out of the cabinet. 


Insert the TRANSFORMER card into the selected system exparnt.an slot. 
Be sure that the front edge of the card slips inta the card quide’s 
groave. Then press the TRANSFORMER squarely into the selected 
expansion slot. Be sure that the TRANSFORMER’s Ge-pin bus carmector is 


firmly seated in the expansion slot. 


Align the hole on the TRANSFORMER’s retaining bracket with the threaded 
hele on the upper edge of the cabinet’s back parel. Insert the screw 
you remeaved earlier and tighten it. 


You must set up System SWITCH 1 located on the System Board ta 
correspond to your display adapter setup. This switch setting 
indicates ta the system software the type af display adapter(s) 
installed and the cperating mode you want at system start up. 


SWITCH 1 is an 8-position DIFP switch. When the System Unit is viewed 
from the front, you can see SWITCH 1 on the floor of the System Unit 
cabinet closest to the last system expansion slot on the right, near 
the center of the System beard. Figure 2.3 shows the lacation af this 
switch. 


Pasitions S and 6 of SWITCH 1 must be configured. Table &.1 explains 
the possible settings. Use a pointed object like a ball point pen ta 
set the switches. 


Ti 
| 
~ 
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Table 2.1 System SWITCH 1 Settings 


Monitor Adapter Type SWS SWE 


MONOCHROME or BOTH | OFF OFF 


(more than 1 adapter) 
COLOR (in 82 x 25 mode) ON OFF 
COLOR (in 40 x £5 mode) OFF ON 


If the TRANSFORMER is the only display card installed in the system, 
you can select any of the these settings. Be sure to set the system 
switch to BOTH if you have a monechrome display adapter ard a 
TRANSFORMER installed in the system, or the monochrome monitor may be 
damaged. 


Replace the System Unit cover and refasten the screws on the System 
Unit back panel. 


Cormect the monitor ta TRANSFORMER beard now installed in the System 
Unit. Locate the TRANSFORMER’s 9-pin D-Sub video output socket and 
connect the 9-pin D-Sub monitor cable plug toa it. Caormect the other 
end of the monitor cable to the monitor. If you are using an analog 
monitor where a separate cutput is previded for each color, match the 
cutput plugs on the cable (they are color coded) to the sockets on your 
menitor. 


Recormect the keyboard and all other peripheral cables to the System 
Unit and recormect all power cables. 


Tasting the System 


that the TRANSFORMER is installed, you are ready to power up the system 
check that the installation is OK. You may also need to make some 


adjustments toa the monitor. 


~~ 
a 
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Turn on the monitor and power up the system. 
Load DOS. 


Ae Using the test diskette you made earlier, load DOS from drive A. 


At this point, the normal system start up should occur. That is, 
the system memory check should proceed as normal. When that is 
completed, DOS IlIcads and you should see the DOS system DATE 
prompt. Enter the date and, at the TIME prompt, enter the time. 
Alternatively, press ENTER twice until the system prompt A) 


appears. 

b. If you were not able to make a test diskette earlier, you will 
have toca use your master diskettes to get up and running. Dari’? t 
forget toa make back-up cepies as scon as possible. If you are 


using a TTL moniter, start DOS as described. above fram any 
bootable DOS system disk. Then put your TRANSFORMER Tutor 3 disk 
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in drive A. If you have an analog monitor, start DOS from any 
boatable DOS system disk. When random coler appears on the 
Monitor screen, press ENTER twice. Then, put the TRANSFORMER 
Tutor 3 disk in drive A and type blindly LDLT and press ENTER. 


Den’? t be disturbed if you can’t read the prompts and the image on your 
screen is garbled or distorted. It is very common for monitors te 
require adjustments to the vertical and horizontal hold or height = and 
width (vertical and horizental sync) controls. 


On some monitors, these can be adjusted by cantrols located an the 
outside of the monitor. On other monitors, the controls are located 
inside the monitor case. Locate these controls on your monitor and 
gradually adjust the controls until the system prompt is readable = and 
displayed in the correct location on the screen. 


If you have trouble locating the adjustment controls or adjusting the 
monitor, consult your monitor manual. Mast monitor manuals cantain 
details of where and how to adjust the monitor controls in order to 
display an undistorted image. 


If you need to make adjustments inside the monitor case, be sure te 


turn off the monitor (and power down the system) before you remove the 
case. After you have removed the case, you can turn on the mcamitor and 
restart DOS. Be very careful when adjusting an unprotected monitor; 
there are very high voltages presert. 


When you are satisfied with the image displayed at the system preampt, 
start the TRANSFORMER test program INTROS. This proagram allows you to 
quickly check the TRANSFORMER card functions, including these af the 
uPD7220 chip. At the system prempt, enter: 


A> INTROS 


-After INTROS is started, a series of four prompts are displayed on the 


monitor. You must answer these prempts ta campletely initialize the 
system. If you need to exit from INTROS at any time during the 
initialization procedure, you must type Ctrl-Alt-Del tc reset the 
system. After you have initialized the system by answering the first 
four prompts, yoau can exit from INTROS by entering A from the main 
Meru. 


At the first prompt: 


TTL or Analog? 


1) TTL 
2) Analog 


Eniter the option, tL or @, which correspends ta your monitor type. If 
you erter any other value or type a number fram numeric keypad or the 
Function keys, the computer beeps and waits for an acceptable response. 
It 15 not necessary to press the enter or return key. 
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The next prompt requests the TRANSFORMER’s I/O pert base address. At 
the prompt: 


Enter I/0 Port Base Address 


Sever, possible I/0 pert base addresses are shown. Ar arrcaw 15 
displayed beside default factory setting JD. Enter 7 ta select this. 
address. If your board uses an alternate address, select the correct 
option. | ~ 


INTROS next asks you for your monitor parameters. These parameters are 
used to synchronize operation of the TRANSFORMER and your monitor. 
This is the prompt : 


Graphics controller initialization 


1) Input parameters from terminal 
2) Input parameters from file 


Press i, 2 or use Function Keys 


The initialization parameters can be entered either from a file or from 
the keyboard. 


Files containing parameter lists for most monitors used with the 
TRANSFORMER are supplied on your Tutor 3 disk. They were copied ta 
the test disk during the software setup. The parameter files are 
supplied for a variety of monitors. Files are included for these non- 
interlaced displays: 


Display Type: At Resolution: | Parameter File name: 
NEC 1421 644 x 428 644X40iN. NEC 
644 x 4848 644X480N. NEC 
NEC 1414 642 x 4ia E42X420N. 412 
Gigatek 1331 644 x 40 642X4040N. GIG 
6424 x 48a 642 X480N. GIG 
PGS SR-1ie 648 x 442 644X420N. PGS 
6424 x 488 642X40N. PGS 

Radic Shack | 

Tandy CM-1 6424 x 422 64 X440N. TAN 
IBM Professional 640 x 42 640X4N. PRO 
Graphics Display 642 x 48 640X48aN. PRO 
TAXAN 44 64 x 422 G4UX4QWN. TAX 


Electroahame Gag 644 x 4 640X42aN. ELH 
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Parameter files are supplied for these menitors operating in interlaced 
mode: 


Display Type: At Resolution: Parameter File name: 
IBM Color 640 x 4a 640X401. TEM 
Graphics Display 648 «x 48 640X480. IRM 
JOHz European 644 x 422 640X4801T. EUR 
Display 644 x 48 648X4801.EUR 
CS GENLOCK Opticon 644 x 480 640X4aa1. GEN 
6428 x 488 640X4801. GEN 
Zenith ZVM1i36 644 x 40 64X400T., ZVM 


6424 x 48 640X4801. ZVM 


If your moniter is one af those for which a parameter file is supplied, 
select option @ for file input. At the prompt: 


Specify file names 


Enter the file name. Specify a 648 x 4@@ pixel resolution file for 
this test. After you enter the file name, INTROS reads the data from 
the file. If INTROS cannot find the file you entered, it displays the 
message File Not Found and again asks you to enter the file name. Be 
sure that the file you enter is on the current disk or specify the 
drive. INTROS will not proceed until you have entered arn acceptable 
file name. If the file or parameters you specify are not correct for 
your monitor, the screen may display trash. Do not aperate the monitor 
with incorrect parameters; the monitor could be damaged. 


If a parameter file is not supplied for your moniter, you must enter 


each of the monitor parameters from the keyboard. Select apticon 1 and 
at each prompt enter the required information. These values must be 
entered: 

1. Interlace mode 

<&. Active words per line (i.e. pitch) 

3. Horizental syne (hs) 

4. Vertical syne (vs) 

a. Horizontal front porch (hfp) 

6. Horizontal back perch (hbp) 

%. Vertical front porch (vfp) 

8. Vertical back perch (vbp) 

9. Active display lines (al) 

ia. Display area length (len) 
AS each prompt is displayed you must enter ai ovalue. Fran these 


Values, INTROS calculates the horizontal and vertical resolutions. 
INTROS alsa asks you if you want toa save these parameters in a file. 
If you answer yes, INTROS prompts you to enter the file name where the 
parameters are ta be saved. 
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1a. 


il. 


2.7 


If you are unsure of the correct monitor initialization values ta 
enter, Appendix E describes hew these values are calculated and how 
they can be changed based on the momitor’s specifications. Contact 
your dealer or Control Systems if you need additional assistance. | 


The last initialization prompt displayed by INTROS allows you ta 
configure the TRANSFORMER’s display planes. For this test, at the 
pronpt s 


Enter number of planes (3, 4,5] 


RENTS CREND COGN UEERD CHUTES CUED CHET CHES HONED GUND AANDE Ennee CHNED CnRRY EHUD suneD CERES CHEN EHEDe qrENe CIGD GtbeD deEED THE ERNED GlUND GnaED CERES GuERE EeANS 
‘CHEER COORD CORED ERNDE CHEED CHOED GENE CURD ENED CHT CHEE CUNED EhnEh GERD GUNEE CENRD tED Te Gate qERTD CbNtD CIetD SEHD Ube cate CiEEh GEbED GtED gneeD BHdEe 


Enter § which configures the TRANSFORMER so that five display planes 
are possible. In this mode, one plane of display memory is used by the 
MC6845 chip in text mode and four planes are reserved for use by the 
uPD72e@ chip which displays the high resolution bit-mapped graphics. 


As soon you enter the final initialization value, INTROS initializes 
the system using these values. INTROS then draws the Control Systems 
logo. This graphics screen is the first screen displayed during the. 
test which uses and is contrelled by the uPD7220 chip. If the logo is 
distorted or not properly synchronized, the monitor may need additional 
minor adjustment oar the monitor initialization values you entered may 
not be correct for your system. | 


When the logo screen is completely drawn, a menu of possible functions — 
appears in the upper half of the screen. This menu is overlaid on tap 
af the graphics screen. 


Enter € to clear the lage from the graphics screen. Then, select any 
of the menu options and enter the corresponding letter from the 
keyboard. INTROS prompts you to enter any additional information it 
needs to complete the operation you chose. After you enter = any 
necessary information, INTROS performs the selected operation and the 


results appear on the screen. Enter @ at any sub-menu to return to the 


previous menu level or to exit from INTROS. 


Try several of the operations to be sure that your monitor is praperly 
adjusted and that the cabling 15 correct. Be sure ta check the colar, 
especially if you are using an analog monitor. Analog RGB cables can 
be cornected incorrectly. 


When you are satisfied that your system is operating as expected, enter 
A to exit INTROS ard return to the system prompt. 


What To Do If You Have a Preblem? 


Sametimes things go wrong. Although you've read though all of the 
instructions and followed them to the letter, your TRANSFORMER wen’t work 
right. Well, don’t panic and don’t give up yet. Read threugh this 
checklist oaf problems and possible solutions first. Be sure to turn off 
the power to all units before you remove or replace cabinets or Boards. 
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PROBLEM: POSSIBLE SOLUTIONS: 


No image at all after system power up: 


Be sure the monitor is plugged in and turned on. 


Check that the cables are correctly installed and that all 
the plugs are correctly seated. 


Be sure that the monitor contrast and brightness adjustments 
are correct. 


Verify that the jumper is correctly installed at Jl. 


Check that System SWITCH 1 is properly configured and that it 
agrees with the jumper configuration of J1. 


Check that the TRANSFORMER is completely seated in the 
expansion slot. | 


System fan doesn’t works 


The system power supply may be overloaded. Each TRANSFORMER 


beard configured for TTL operation draws 3.2 ‘amps. A 
TRANSFORMER configured for analog operation requires 3.5 
anips. If your system power requirements are high, for 


instance if you are using more that one display adapter and a 
hard disk sub-system installed in a standard IBM PC, we 
suggest that you use an IBM PC XT compatible power supply and 
an external far. 


The IBM PC XT has a 135 watt power supply that allows 11.4 
anps in the expansion slots. The IBM PC requires 4.4 amps 
with 7.@ amps remaining for expansion boards. The IBM PC 
power supply is rated for 63 watts only. 


Screen rolls vertically or horizontally : 


Check that the vertical and horizontal (held) adjustments on 
the monitor are correct. 


Verify that the TRANSFORMER’s sync type cutputs and polarity 
are correct for your monitor. Compare the TRANSFORMER’s sync 
outputs (see the Setup sheet) with your mornitor’s input 
Signal requirements. Some monitors have switches inside the 
cabinet which allow you to select sync options. Be sure that 
these are set toa agree with the video output of the 
TRANSFORMER. 


fi 
| 

f~4. 

OJ 


PROBLEM: 


Controal Systems TRANSFORMER User’s Guide 2e Installation Guide 


POSSIBLE SOLUTIONS: 


Screen rolls vertically or herizontally (cont.): 


The default sync output of the TRANSFORMER is compatible with 
the IBM monochrome display adapter’s output. That is: 


Sync on Green 

External Composite Sync 
+ Horizontal Syne 

~ Vertical Syne 


On the IBM coloer/graphics adapter, beth horizontal and 
vertical sync are positive. If necessary, you can modify the 
TRANSFORMER to adjust the video autput sync type and polarity 
to match your monitor’s requirements. Chapter 7 explains how 
ta make these modifications. 


Trash on the screen at power up: 


Dees the pixel clock installed in the TRANSFORMER match your 
monitor's scan rate. . 


If you are using an analog monitor, did you run LDLT.COM? 


This file loads the color laok-up into the TRANSFORMER’s RAM. 
If the look-up table is not loaded; the RAM retains randeam 
values from system power up. It does no harm ta run LDLT. COM 
even if you have a TTL or monochrome monitor. 


Trash on the screen after initialization: 


The initialization parameters you entered, either from a file 
er from the keyboard, may have been incorrect for your 
monitor. Do not operate the monitor with incorrect 
parameters: the monitor could be damaged. 


Nc image or cut of sync image in text plane (IBM emulation): 


Are you using the monitor originally specified for use with 
the TRANSFORMER. Although it is pessible to use a different 
moniter than originally specified, the values sent toa the 
MC6845 chip by the TRANSFORMER’s ROM will not be carrect for 
your monitor. The graphics planes generated by the uPD722u 
chip should still operate as expected. 
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PROBLEM: POSSIBLE SOLUTIONS: 


Unexpected calors: 


e If you are using an analog monitor, check that the color 
outputs of the menitor cable are correctly cormected ta the 
monitor's video input ccornectors. 


@ If you are using a TTL monitor, be sure that the monitor 
cable is correctly. wired for your monitor. 


If you are still rot able to pinpoint the preblem, there may be a 
malfunction in your System or in the TRANSFORMER card itself. You may wart 
to try reinstalling your original display adapter card if you have = one. 
Then, consult your dealer or an experienced technician for additional 
suggesticris. 


End of Chapter 2 


Chapter 4 : 
TRANSFORMER I/0 Port Selection and Addressing 


The TRANSFORMER is designed for use as an integral part of the IBM PC family 
and closely compatible computers. Because the TRANSFORMER can be used as a 
replacement for both the IBM monochrome and color/graphics adapters or carn 
be installed as the second display adapter in a system with an IBM 
menochrome or color/graphics adapter already installed, the basic I/0 part 
addresses used by the TRANSFORMER are compatible with those of the IBM 
display adapters. 


The initial I/O port address used by the system ta talk ta the TRANSFORMER 
is determined by the configuration of a jumper on the TRANSFORMER and by the 
monitor type setting of SWITCH 1 on the system board. After the system 
start up, the currently active [/0 port address and the graphics display 
mode can be selected in software. In most cases, wher the standard IBM 
compatible video I/0 port addresses are used, selection of the I/0 pert 
address visibly affects only the MC6845 display plane. 


4.1 TRANSFORMER I[/0 Port Address Selection 


The operating mode of the TRANSFORMER board is determined by the system bus 
I/Q port addresses used toa configure the internal registers caf the 
TRANSFORMER’s MC6845 and uPD722d chips. I/O pert address selection is 
dependent om the TRANSFORMER’S base address which is determined by beard 
jumpering. 


The base address used for system I/0 is provided on the TRANSFORMER as a 
hardware selectable base address pair. The configuration of board jumper J1 
selects the current active base address. This arrangement alleaws the 
TRANSFORMER to emulate both IBM menochrome and color/graphics adapters, 
depending on the configuration of Ji. : 

The standard TRANSFORMER base addresses are the [/0 perts GB and 3D. 
These addresses are the same as those used by [BM for their monochrome 
adapter (3B) and coleor/graphics adapter (3D). This address pair allows 
you ta aperate the TRANSFORMER immediately with no change tea standard 
software packages configured for the IBM PC. 


If required for special applications, alternative I/O base addresses are 
possible. However, you must physically modify the TRANSFORMER beard if you 
wish toa use one of the alternate base address pairs. This medification 
precedure is described in Chapter 7. If you use an alternate base address 
pair, you may also need ta modify existing software which normally ignores 
the IBM ROM BIOS and talks directly ta the IBM hardware (not an unusual 
Situation). 
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4.2 Selecting an Active Base Address 


From the base address pair, an active base address must be selected for 
system I/0. This address is determined by the position of a jumper across 
two pins of header Ji. Ji is a four-pin single-row Berg type header located 
on the component side of the TRANSFORMER beard. Figure 4.1 shows the 
gereral board location and configuration of J1. Look for Ji below the 
UPD7220 and MC6845 chips. You will notice that the four pins of Ji are not 
actually numbered on the TRANSFORMER; however, they are numbered here for 
Clarity. 


uPD72 


Ls) 


74 | MC6845 
ofizasls 


Ji 
Figure 4.1 TRANSFORMER Board Header J1 


Because the jumper configuration determines the actual base address used for 
system I/0, a jumper block or wire should be installed across the 
appropriate pins of Ji before the TRANSFORMER is installed in your system. 


There are three possible jumper configurations for Jl -- M for monochrome, C 
for color, or B for both. Assuming that the standard base address pair SB 
and 3D@ are used: 


e If the jumper is installed in position "M" across the two pins on the 
right (pins 3 and 4), the lower base address of the pair (3B) 1s 
selected. The TRANSFORMER responds to the addresses defined for the 
monochrome adapter. Select this jumper pasition if the TRANSFORMER is 
used in system with another color/graphics board already installed. 


® If the jumper is installed in position "C" across the two pins on the 
left (pins ‘Land 2), the higher base address of the pair (3D@ is 
selected. The TRANSFORMER responds to addresses defined for the 
color/graphics adapter. Use this jumper position when a separate 
monochrome board is also installed in the system. 


® If a jumper is installed in position "B" across the two middle pins 
(pins <2 and 3), either of the two possible base addresses (SBM or SD) 
car be software selected. In this configuration, the TRANSFORMER can 
respond as either a color/graphics or monochrome adapter depending om 
the base address used by software to access the MC6845’s Mode Register. 
This is the normal jumper setting. 


You must jumper Ji before installing the TRANSFORMER if another display 
adapter card is also installed in the system. If you intend to operate your 
system with only the TRANSFORMER board installed, the jumper daes not 


actually need ta be installed at Ji. Pins ¢ and 3 of Ji are grounded = and 
position "B" is really only a "storage" position. 
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4.3 System Board Address Settings 


You must configure the system board to reflect the display adapter type(s) 
installed in your system when you install the TRANSFORMER. Switch settings 
on the system board indicate to the system software what type of display 
adapter is installed and the default display adapter operating mode at 
system start up. 


On IBM PC and IBM XT system boards, set SWITCH 1 so that positions 5 and 6 
are set toa OFF if you have both an IBM monochrome display adapter and a 
TRANSFORMER installed in your system. If you have a installed the 
TRANSFORMER in place of the IBM display adapter card, you can select any of 
the system board switch setting. Set both switch positions 5S and 6 ta OFF 
if you want the system ta start up in monochrome display mode. Set position 
~ to ON and position 6 to OFF for 8@ column color operation at every system 
start. If you want the TRANSFORMER to start in 42@ column mode at boot time, 
set position S ta OFF and position 6 to ON. 


Monitor Adapter Type SWS SWE 

MONOCHROME only or BOTH OFF OFF 
(or more than 1 adapter) 

COLOR (in 8@ x 25 mode) ON OFF 


COLOR (in 48 x 25 mode) OFF ON 


Figure 4.2 System SWITCH 1 Settings 


a” 


Be sure to set the system switch ta MONOCHROME or BOTH if you have a 
moncehroame display adapter and a TRANSFORMER peverice in the system, oar the 
nonochrome monitor may be damaged. 


If you are installing your TRANSFORMER in an IBM PC AT or some other PC 
compatible system, these switch settings may not be correct. Check your 
system’s technical reference for details regarding preper system board 
settings. 


4.4 Software Selection of the Board Address and Graphics Display Mode 


If the TRANSFORMER is configured ta emulate either IBM display adapter or if 
you have another display adapter installed in your system, the system will 
always start up with the monitor mode selected by the setting of SWITCH i. 
After start up, you can change the TRANSFORMER’s display mode by using the 
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DOS MODE command or by rurming one of the display mode selection programs 
supplied on the TRANSFORMER Utilities diskette. 


These files are supplied: 


Executable Files: Assembler Files: Roard and Made: 


MONO. COM MONO. ASM Monoechreme board —- monochrome 
8ZCOLOR. COM 88COLOR. ASM Color board - 8@ x 25 color 
43COLOR. COM 44COLOR. ASM Color board 48 x 25 color 
8@BLACK. COM 8BBLACK. ASM Color board 84 x 25 B & W 
41BLACK. COM 40BLACK. ASM Color board 42 x 25 B & W 
32¢X2@BW. COM JcXcQBw. ASM Color board ScQ x 22a B&B & W 
S3eX20CR. COM S2X20CR. ASM Color board 3c¢0 x 2 color 
64X20BW. COM 64X20BW. ASM Color beard 644 x cada k & W 


These files contain all the code necessary to alter the "equipment flag" (a 
memory location whose value is set by the ROM BIOS at start up by reading 
SWITCH 1) and to change the ROM BIOS routines which control the graphics 
display modes. If the TRANSFORMER is the only board installed and Ji is 
jumpered to be selectable, running any of these programs after start up will 
select the alternate board address and/or graphics display mode. If you 
have a TRANSFORMER and another display adapter installed, you can use one of 
these programs to switch from one board ta another without any other system 
changes. Note that if you are using the TRANSFORMER with ai monochrome 
adapter, the system should be set to always come up in the monochrome. 


The .COM files can be run immediately. At any time after start up, enter the 
command that corresponds to the display mode you want. For example if you 
set Jl and the System SWITCH 1 to BOTH, the display will come in monochrome 
mode. To change to 8@ x 25 color mode, at the system prompt simply enter 
the command 8@COLOR. The monitor is blanked and the system returns in the 
new mode. The .ASM files are included as examples cf how to prepare your own 
programs to alter the equipment flag and change the graphics display modes. 


End of Chapter 4 


Chapter 5 
I/O Port Address Registers: Functions, Bit Maps, and Programming 


Sei The TRANSFORMER 1/0 Ports 


The. TRANSFORMER’s default I/0 port addresses are completely compatible with 

those used by IBM on its display adapter cards. However, the TRANSFORMER 
uses several additicnal 1/0 ports not used by the IBM display adapters. 
Briefly, several I/0 port addresses reserved by IBM but not normally used 
for addressing the IBM display adapter cards are used with the TRANSFORMER 
for control of the uPD7e2@ graphics controller. The TRANSFORMER also uses 
two additicnal perts to control the MC6845 through the TRANSFORMER’s on 
board ROM. : 


The table below names and briefly describes the function of each 1/0 address 
assigned ta the TRANSFORMER. The function of each register defined here is 
separately described in detail in the sections that follow. 


Table 5.1 TRANSFORMER I[/0 Port Addresses and Functions 


I1/Q PORT ADDRESS | REGISTER FUNCTION 
defaults 
MONO/COLOR 


Address 3BQ uPD7220 Status/Parameter Registers 
+1 uPD722@ Data/Command Registers 
+2 uPD7220 LUT / Zoom Register 
+3 Memory Configuration Register 

IBM Index Register 

IBM Data Register 

6845 Index Register 

6845 Data Register 

Mode Select Register 

Color Register 

Status Port 

Clear Light Pen 

Set Light Pen 

Not Used 

Not Used 

Not Used | 


The default I/0 addresses shown in the table are based on the TRANSFORMER’s 
default base address pair. If your TRANSFORMER has been configured ta use 
some oather base address pair, each I/O port address can be determined by 
substituting your beard’s base addresses for 3B@/3D8 and then adding cone 
(+1) for each succeeding register. 
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In the default configuration, when the TRANSFORMER is set up to cperate in 
moneachrome mode (Ji pins 3 and 4 jumpered), the addresses in the MONO column 
are used for system I/0. If the TRANSFORMER is set up for color operation 
(Ji pins 1 and 2 jumpered), the addresses shown in the COLOR column are 
used. When the TRANSFORMER is set up to operate in BOTH mode (J1 pins 2 and 


3 jumpered), the addresses shown in both columns are accessible through 
software control. 


Under seftware control, the TRANSFORMER’s mode of operation and system I/0 
addressing is determined by the specific address used to access the Mode 
Select Register. As explained in Chapter 4, you can use the IBM DOS MODE 
command, one of the mode selection commands included in the TRANSFORMER 
package, or prepare your own software for mode selection. | 


The function of each 1/0 port is described below. Each description 
includes the bit assignment for that address register and additicnal 
information which affects programming of that port. 


Remember that the addresses noted in the table above and described in detail 
here assume that you are using the standard IBM PC compatible I[/0 port 
addresses. If your system uses another base address pair, the actual 
address registers used in your system are incremented from those base 
addresses. For example, the Configuration Register is normally accessed at 
I/O port base address + 3, that is at SB3 and/or SDS. If you are using the 
alternate base address pair at cAW/2Ca, the Configuration Register is then 
located at ZAG oar 2Ca. 


Se Programming the uPD722e0 Graphics Display Controller 


The NEC uPD7cet Graphics Display Controller (GDC) has a bi-directional 
interface to the system bus. Two addresses are assigned ta the uPD/ee 

through which the uPD/ec@’s status register and FIFO are accessed. Commands 
and parameters are written into the uPD7229 and the status register and FIFO 
are read based on the address selected. Commands are written to the uPD7e2cd 
in the form of a command byte followed by a series of parameter bytes, as 
necessary. The status register contains the 8 register flags which allew 
coordination of the uPD72e8 with the monitor and the flow of data between 
the FIFO buffer and the system bus. 


The LUT/Zoom register is used to control the hardware required for proper 
timing when the uPD7228 ZOOM command is used ta zoom the display. While 
register does not actually talk to the uPD7e2d, its value must correspond to 
the zoom value of the uPD/722e0 for proper display magnification. 
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seo UPD7220 Status/Parameter Register (1/0 Base Address -- ‘380’ or ‘3D0’) 
and 
uPD7220 Data/Command Register (I/0 Base +1 -- ‘3SB1’ or ‘3D1') 


The two ports which contral both read and write access to the uPD7ee8's 
status registers and FIFO are defined below. 


TRANSFORMER | 7222 | 7 READ MODE | ae 
) Port | Ade | | MODE 


Read Status Register 


SBO or 3D@ Write 
parameter 


to FIFO 


_ 
Data Ready 
@ = no data or CPU now 
transferring data 
1 = byte for CPU read 
FIFO Full 
@= room for at least one 
byte in FIFO 
1 = GDC FIFO full 
| FIFO Empty — 
: @ = data in FIFO 
i = FIFO empty, commands 
and parameters sent 
Drawing in Progress 
@ = GDC not drawing now 
1 = GDC drawing graphics 
DMA Execute 
| 8 = no DMA in progress 
1 = DMA transfer cecurring 
Vertical Syne 
@ = no vertical sync 
occurring 
1 = vertical syne occuring 
| Horizontal Blanking 
| @ = no horizontal syne 
i = horizontal retrace 
blanking occurring 
Light Pen Detect 
@ = no data to transfer 
1 = value ready for read 


| Write | 
3Bi or 3Di pat Read data from uPD7220 FIFO command 
| LnvS a 


The uPD7220@’s status register can be read at any time. All other read/write 
operations threugh these ports are determined by the state of the bit flags 
in the status register. The FIFO data register can be read, and commands 
and parameters are written into the GDC’s FIFO using the same twa ports, 
depending on the state of the status register flags. The FIFO read = and 
command and parameter write functions of these two ports is described in 
Appendix C, which contains detailed programming information for the uPD7ee2d. 
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5.4 uPD7220@ LUT / Zoom Register (1/0 Base +2 -- ‘3B2’ or ‘3D2') 


The color look-up table and zoom control or LUT/Zoom I/0 port is a write- 
only port used for two separate functions. This port, along with the Mode 
Register port and the Color Register port, is used to program the look-up 
table located in the output DAC. This port also controls a hardware circuit 
which, when used in conjunction with the uPD7e28 commands, allows the 
uPD7220 to be zoomed. 


5-41 uPD7220 Color Look-Up Table (LUT) Function 


The digital-to-analog (DAC) converter used in the TRANSFORMER has a 16 word 
by 4 bit look-up table for each of the three analog outputs. During normal 
system display operation, the four bits of information received from the 
display memory are used as an index of addresses in the look-up table. 
These addresses call up previously loaded data which is passed on ta _ the 
digital-to-analog converters. 


To enable loading the DAC look-up tables, the Mode Register I/O port is 
first loaded with the value 409 hex or the binary value of @1x@@axx (where x 
indicates a doesn’t care condition). This allows the lower four bits of the 
color register to pass directly to the lock-up table address inputs. 


While the lock-up table is being loaded, the LUT/Zcom bits are defined as 
‘shown here: 


MSB LSB 


rhelefefsfelife 


ee Look-up table data 
Look-up table data 
Look-up table data 


Look-up table data 
erable blue 
enable green 
enable red 
write data 


—-~8 8 8 
a 


The upper four bits of the LUT/Zoom I/0 port are control lines. The lower 
four bits are data lines. 


Bit 7 must be low while the color register and the lock-up tables are 
loaded. Only one of the enable bits (bits 4, S and 6) should be low toa 
enable one of the lock-up tables to be leaded at a time. 

After a byte of the color look-up table data has been written toa the 
LUT/Zoom, the port must be rewritten with the same data except that bit 7 
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must be high. The LUT/Zoaom port must then be written again with bit 7 low. 
This precedure preaduces a write pulse to the lock-up tables while keeping 
all other data constant. This same precedure must be repeated for all 48 
data locations (16 locations in each of three lock-up tables). 


After the lock-up tables have been loaded, the top four bits in the LUT/Zcaom 
port should be set low (@). This enables the normal reading action of all 
three lock-up tables. The lower four bits are no longer used by the lock-up 
tables and they can be programmed as needed for the zoom function. The Mode 
Register and Color Register should also be reloaded with their correct 
values at this time. 


Nete that this procedure is not required if the TRANSFORMER is operated in 
TTL mode, which dees not use the DAC look-up tables. 


54.2 uPD7220 Hardware Zoom Function 


The uPD7220@ can display on the monitor a zoomed image of the information 
contained in its portion of display memory. The display zoaam or 
magnification is implemented by pixel replication. Because the uPD722a uses 
two additional clock cycles for each increase in zoom magnification, the 
TRANSFORMER video timing hardware must be controlled ta slow the output of 
pixels to the monitor to match the zoom factor used by the uPD72z. The 
LUT/Zoom port controls this hardware. 


The uPD7220 uses four bits of the its Zoom command byte ta control the 
display zoom factor. A zoom factor of zere (@) specifies no zoom. Fifteen 
(15) specifies the maximum zoom factor. The complement of uPD7228 display 
zoom value must be loaded into the lower four bits of the LUT/Zcaom pert. 

This means that if the GDC display zoom factor is set to zero (mo zoom), the 
LUT/Zaom register must be set to ‘UF’. Be sure that only the lower four 
bits are set and the upper four bits remain low. If any value is sent to 
the upper four bits, the color look-up table is enabled and the value of the 

lower four bits is passed to the DAC. 


Except at those times when the lock-up table is being loaded, the Zoom 
register bits are defined as follows: 


LUT/ZOOM Register: GDC Display Zoom Factor: 


1 when GDC zoom = @ 

i when GDC zoom = I 

i when GDC zoom = 2 

1 when GDC zoom = 3... toa 
@ when GDC zoom = 15 


o 
Ch 
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5.9 Memory Configuration Register (1/0 Base +3 -- ‘3B3' or ‘3D3') 


The Memory Configuration Register is a write-only register used te control 
the TRANSFORMER’s display memory organization and operation. 


MSB LSB 


vlefsfefsfelife 


| | Bits @ - 3 - Write planes: 
| . write plane 9 - blue 
———— write plane i - green 
(oo —_—_—_—_—_— write plane 2 - red 
ey write plane 3 - intensity 
Bits 4 & 5 - Read Planes: 
Q read plane @ - blue 
1 
Ys) 
1 


read plane 2 -. red 


== © & 


ee read plane 1 - green 


read plane 3 - intensity 
Bits 6 & 7 - Define memory: 

@ 

@ 

1 

1 


for 5 planes 
for 4 planes 


TD for 3 planes 


—-~oe~ & 


not defined 


Bits @ to 3 define which the uPD7220 display planes can be written. Bits 4 
and 5S define which uPD722@ display planes can be read by the system. Bits 6 
and 7 define the configuration of uPD72ee0 display memory. The color 
definition of each plane i5 meaningful in TTL mode only. In analog versions 
of the TRANSFORMER, the display color of each plane is defined by the color 
leck-up table values loaded into the DAC. | ; 


Bits @ threugh 3 of this register are used to define which uPD7220 display 
memory planes will be written. If more than one bit is set high, beth the 
system and the uPD72e2d can write ta multiple display planes. This allows 
any color ta be written with a single memory access. These bits are used by 
both the system and the uPD7220 ta determine which display plane toa write. 


Bits 4 and 3 of the Configuration register define which memory plane will be 
read by the system. This separate plane read definition is necessary 
because multiple plane reads are not possible. You should alsa note that no 
planes can be read if all four write bits are set to zero. 


This plane read bit configuration allows multiple TRANSFORMER cards toa be 
installed with all uPD7228 planes located at location ABA. The read bits 
are used toa define the system accesses to the display memory only. The 
UPD7220 uses its address bits AIG and A1I7 to read the display memory planes. 
The uFPD7e2@ chip, where AL6 is the LSB and A17 is the MSB, defines which 
memory plane ta read using the same logical bit values as bits 4 and 3 of 
this register | 
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The TRANSFORMER has 168K bytes of display memory. This physical memory is 
used toa store both uPD722d and MC6845 data. The size and location of the 
logical memory is controlled by the top two bits of the Configuration 
Register. The table below shows how the memory mapping is affected by the > 
value of bits 6 and 7. 


Table 5.2 Logical Memory and uPD7228 Plane Configuration 


Display 7228 Plane Configuration | Memory Shared By MC6845 
Resolution | No. Size Memory Address | At BO@02 or BSsO2 


640 x 400 | 4 Sek AGQZ2 ~- A7FFF iseparate 32k memory plane 
640 x 480 | 4 40K AG@QW2 - ASFFF ishares Sek with plane @ 
640 x 488 | 3 48K A4000 - AFFFF iIshares 16K with plane 2 


The MC6845 can access up to 32K bytes of the TRANSFORMER’s total display 
memory. The uPD/eed can use the entire 168K bytes af memory. 


The five plane configuration evenly allocates memory for each of five 
display planes -- four planes of ScKbytes each are allocated for the 
uPD7220, leaving 3éKbytes of memory free for the MC6845 plare. 


In three and four plane memory mennieupaciene. the MC6845 and the uPD/72e 
must actually share physical memory even though the legical memory address 
is different. This means that writing inta the MC684S5.memeary buffer may 
modify the data in the uPD7224 display memory. The four plane configuration 
allocates 48Kbytes of memory for each of the four uPD7220 display planes. 
This enables the uPD7e28 to be operated at a higher resolutions but, this 
configuration should not be used when the MC6845 is active because the data 
written into shared memory locations (the first SEK of plane @) overwrites 
and destroays data already present at that address. 

To enable the uPD722e8 to display at 644 x 484 pixel resolution with a MC6845 
display overlay, the three plane configuration moves the start location af 
the uPD7224 memory away from the normal memory buffer start address of AWaaA 
to A4Ma2. This mode alsa physically disables plane 3, the uPD7ee2 intensity 
plane, which limits the uPD7228 graphics display to a total of eight colors 
at any one time. The uPD722d and MC6845 also share 16Kbytes of memory in 
this mode. However, because the IBM normally only knows about and uses the 
first i16Kbytes of memory in its display memory buffers, memory sharing ir 
this configuration normally presents no problems. However, if the MC6845 is 
operated in the 644 x 4@@ color/graphics mode, the display memory accessed 
at B@WAM will overwrite the uPD7224 graphics. 
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36 Talking to the MC6845 CRT Controller 


IBM assigns two ports for access ta the MC6845 CRT controller’s internal 
registers -- the Index Register at 3B4 or 3D4 and the Data Register at SBS 
or DS. The TRANSFORMER assigns four I/O ports to this function. Two of 
the ports -- the IBM Index Register (Base +4) and the IBM Data Register 
(Base +5) -- are the two ports which IBM normally uses to control the 


MC6845. Wher, these ports are used, the TRANSFORMER'’s on-board ROM 
intercepts and modifies the data before it is sent toa the MC6845, allowing 
the IBM-compatible data to be correctly interpreted by the hardware for high 
resolution display. The other two ports -- the 6845 Irdex Register (Base 
+6) ard the 6845 Data Register (Base +7) -- allow direct access from the 
system bus ta the MC6845. 


Software written for the IBM PC which talks to an IBM display adapter 
threugh the BIOS uses the I[/0 ports at Base +4 and Base +5. Whenever the 
TRANSFORMER is used with such software, the values sent to the TRANSFORMER 
hardware are intercepted, and the values contained in the on-board ROM are 
substituted and passed on to the MC6845. If the software is not "well 
behaved" and talks directly to the hardware through another 1/0 pert, the 
information contained in the TRANSFORMER’s ROM is not passed ta the IBM Data 
Register. The display operating modes are, as a result, incorrectly 
defined. The correct values can also be sent directly ta the MC6845 data 
registers through the second set of 1/0 ports at Base +6 and Base +7. These 
ports are alsc useful if you want to initialize the TRANSFORMER using 
display values which are different from those contained in the TRANSFORMER’s 
ROM. 


The following table defines the MC6845 data registers and the values that 
are normally loaded into those registers as well as the values substituted 
by the TRANSFORMER’s ROM. The ROM values shown here are these contained in 
the ROM firmware used with standard non-interlaced monitors such as the 


Gigatek 13351 and the Princeton Graphics SR-1ée. Remember that the values 
resident in the ROM firmware are dependent om the type of monitor you 
specified. The MC6845 register initialization values for your monitor NPS 


may not be the same as those shown in the table below. 
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Table 5.3 Summary of Standard IBM and TRANSFORMER MC6845 Register Values 


40x25 8@x 25 
Addr Register Mono — Alpha Alpha Graphics 
Number & Type Units R/W IBM ROM IBM ROM IBM ROM IBM ROM 

22 RQ Horizontal Char W 61 67 38 33 71 #67 38 33 
Total | 

Qi Ri Herizontal Char W 34 5a 28 28 a! 5d eB £8 
Displayed 

W2 Re Horizontal Char W ve |60 6 2D <e2B JA 6 2D 2B 
Sync Position 

23 R3 Horizontal Char W QF a6 2A we YA 6 BA w6 
Syne Width 

24 R4 Vertical Char W 19 «#=1F IF 61F 1F iF 7F OTF 
Total Row 

25 RS Vertical Scars W V6 m9 26 9 26 a9 26 ag 
Total Adjust Line 

26 R6 Vertical Char W 19 #19 19 «619 19 i939 64 64 
Displayed Row 

27 RY Vertical Char W 19 ic 1G. 10 ic iC 7a 7 

. Sync Position — Row | 

28 R8& Interlace See W 0: ac 2: wc Z2 ec Qe ce 
Mode notes 

49 RY Maximum Scan Scan W 2D wF 27 OF 27 WF Wl 3 
Line Address Line 

WA Ri Cursor Start Scars W 0B WC 26 WC W6 ac 46 ac 

Line 3 
WB Rii Cursor End Scar W ZC WE @7 WE 27 GE 27 WE 
Line 

QC Rie Start Address ae W ga -- 2a —— ga -- a2  --— 
(High) 

2D Ris Start Address Sa W Qa —-— aa -— aa -— wg -- 
(Low) 

QE Ri4 Cursor Address = R/W aa -- aie er aaee) sees a 
(High) | . 

ZF RiS Cursor Address = R/W ag —-- = SS 5 ee aioe ea 
(Low) 

i@ R16 Light Pen (High) ---- R Rsvd —- = mae aie —— 

11 R17 Light Pen (Low) SS R Rsvd - se SS. = = = 


LAIR I ELT ER RE DIRE EET TT TET ERIE ENE OTE I I IE I ETE IEEE T LL NDE LTE TNE TE LT TENGE DETTE NS TOT OTS LEE EG DETTE NESS TIE EL EEE EE EE SNA TE LIE ITIL ES ELT EE LE ERLE LOTR D 


Notes: 


re 


All register values are shown in hexadecimal notation. The TRANSFORMER 
does not intercept or change values sent to registers Rl@ through Ri7. 


The MC684S5 supports non-interlaced (where R& value = @ or 2), interlace 


sync (value = 1), and interlaced sync and video (value = 3) mades of 


operation. IBM display adapters supports only non-interlaced mcamnitars 
and IBM always specifies that mode with the value of & at R8&. The 
TRANSFORMER firmware alsa uses that value when operating ain non 
interlaced mode for IBM compatibility. The TRANSFORMER also supports 
use of monitors operating in interlaced mode using the MC6&845 interlace 
sync and video mode. In this mode, the value of R&B is 3G. 
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we? IBM Index Register (1/0 Base +4 -- ‘3B4' or *‘3D4!') 


The IBM Index Register port accesses the address register of the hCe6a4s. 
This write-only register is used as pointer toa direct the transfer of data 
ta and from the correct data register. As with IBM display adapter cards, 
the five least significant bits of the I/0 bus are loaded from the system 
inta this register with the necessary pointer ta the required register. 


When a value is detected in this register, the TRANSFORMER ROM intercepts 
the pointer value and the IBM Data Register value. The ROM firmware then 
compares these values to the ROM register values. If the register pointed 
ta is one with which the ROM is concerned and if the value of the data serit 
from the system bus is different from the value of that register contained 
im the ROM value table, then the value sent from the system is discarded 
and the data value contained in the ROM is leaded into the IBM Data 
Register. 


3-8 IBM Data Register (1/0 Base +5 -- ‘3B5’ or ‘3D5') 


The IBM Data Register is the I/0 port which the IBM normally uses ta load 
data into the MC684S5. The TRANSFORMER modifies the data sent ta the MC684s 
from this port. The values loaded in this register are determined by the 
values contained in the TRANSFORMER’s ROM. Each ROM contains a table of 

register values in firmware which is calculated for operation with a 
specific monitor. If the installed ROM isn’t configured for the current 
display monitor, these values will be incorrect. 


3-9 6845 Index Register (1/0 Base +6 -- ‘3B6' or ‘3D6') 


The 6845 Index Register directly accesses the MC6845 address register. This 
write-only register is a pointer which is used ta direct the transfer of 
data ta the correct MC684S5 register. Use this port to send data directly tea 
the MC6845's address register without going through the TRANSFORMER’s 
interceptor ROM. | : 


3-10 6845 Data Register (1/0 Base +7 -- ‘3B7’ or ‘3D7!') 


The 6845 Data Register is a write-only I/O port which accesses the MC6845 
register pointed to by the 6845 Index Register. The value to be sent 
directly to the MC6845 register pointed to by the 6845 Index Register is 
laaded into this port. This value is transferred ta the MC6845 register 
without intervention of the TRANSFORMER ROM. 


3 11 Mode Select Register (1/0 Base +3 -~ ‘3B8’ or *‘3D8') 


The Made Select Register is an 83-bit write-only register used ta control 
the video cutput af the TRANSFORMER. While the TRANSFORMER uses the same 
basic bit definition as IBM display adapters to maintain compatibility with 
software written for the IBM adapters, the TRANSFORMER also uses the tap twe 
bits to define the uPD/7ee4 operating mode. 
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When the jumper at Ji is installed in the "BOTH" position, the operating 
mode oaf the TRANSFORMER is defined by accesses to the Mode Select Register. 
If the Mode Select Register is accessed at ‘3B8’, the TRANSFORMER emulates 
the IBM monochrome adapter where the MC6845 responds only ta IBM monochrome 
compatible mode selections. Accessing the Mede Select Register at ‘3Dé8' 
causes the TRANSFORMER to emulate the IBM color/graphics adapter, permitting 
selectian ef only those medes which are compatible with the IBM 
color/graphics adapter. 


This following diagram shows the bit definitions of the Mode Select port: 


MSB LSB 


vlefetsfafefife, 


low resolution text 48x25 
high resolution text 8@x25 


~ & 
a 


-_ & 
a 


alphanumeric (text) moda 
= graphics mode | 


color moda if bit 7 = @ 

= 6845 (color) in foreground 
if bit 7 = 1 | 

6 & wmode if bit 7 = @ 

6845 (eolor) in background: 
if bit 7 #1 


Pt. Ont 
a &@ 


disable MC6845 video 
m enable MC6845 video 


—- & 
| 


_— & 
a 


= enable 648 pixels horizontal 


@= no blink/16 color background 
1 = alphanumeric blink enable/8 
eolor background 


= load LUT if bit 7 = @ 
= overlay if bit 7 = 1 

= 6845 only if bit 7 = 2 
= window if bit 7 = 1 


—- © & 


disable uPD7220 
=a anable uPD7222 


- & 
a 


w—-1i 


428 pixels horizontal graphics 


for high resolution graphics 
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The following table is a summary of the video cutput modes defined for the 
TRANSFORMER. 


Table 5.4 TRANSFORMER Supported Video Output Modes 


7 = 7228 enable 
6 = 722d window or averlay mode 
2 = 6845 blink enable 
4 = 6845 64@ dot enable 
3 = 6845 video enable 
<¢ = 6845 B & W select 
1 = 6845 graphics select 
Q@ = 6845 high resolution select (dot clock) 
IBM | 
Adapter T 
Emulation 76543210 (= Bits Mode description 
Either Yea@xadgayy (2) RESET - Screen blanked 
Either Z2ixaeaasdyy (2) Load color LUT / COLOR REG passes to DAC 
' Either i@xdeayy =) 722d only | | | 
Mone wa@rxexixxil MONO 
Mone 19x@iaoai- MONO over 7220 
Mono 1a@x@iiail 7220 aver MONO 
Mono 1ix@ea@iiail (4) 7ee0 with window ta MONO 
Color Z2dxdiigaand 44 x 25 B/W Alpha 
Color ZAaxviaaa 44 x 25 Color Alpha 
Color waa@xaiiet 80 x 25 B/W Alpha 
Color 0oaxodiavati 82 x 25 Color Alpha 
Color 2axeiiia S3c@ x 2 B/W Graphic 
Color a@axeaeiadia 328 x 200 Color Graphic 
Color a@arxidlxi1 as 640 x 2<@@ Graphic 
Color i@x@iadadea (3,5) 48 x 25 over 7eeu 
Color 1a@xa@iaeaoil (3,5) 8@ x 25 over 7220 
Color 1@x8iaiad (3,5) 320 x 200 over 7220 
Color i@xviigsa (3,5) ceoY over 40 x 2S 
Color 1@xaiieal (3,5) 7éea over 8a x 25 
Color 1axeiiiwd (3,5) eed over 3e0 x cag 
Color 1ix@iioadad (3,4) 72!e@ with window ta 48 x 25 
Color 1ix€@ii%681 (3,4) 7eed with window ta 8@ x 25 
Color 1ixediiia (3,4) 7e@e@ with window to 3c@ x cad 
Color @a@rxidxiil IBM 640 x 4 
Color 2euiadwadinai Nc load - will not change previous value 


ry 


xX = doesn’t care or not defined 
y = determined by preceeding and following modes 


Bits @ and i should be the same as the preceding and following 
modes initialized. If the value of these bits is changed, a sync 
pracedure must be executed. 


wh 
fred 
Tit 
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Se If bits @ and 1 are changed from their previous values, a sync. 
procedure must be executed. 


4, A window is defined whenever a pixel with the color index value of 
7 or iunintensified white is written to the uPD7228 display 
memory. At color index 7, the bit values corresponding toa planes 
0, i, e& have a value of 1 and plane 3 is equal ta @ Wherever a 
pixel of colar index 7 is encountered, the TRANSFORMER hardware 
turns on the MC6845 output. Nete that the window must be defined 
in uPD7220 memory to enable display of the MC6845 plane. The 
MC6845 plane is not displayed where no window is defined, although 
the contents of the MC6845 memory buffer are undisturbed. When 
the MC6845 plane is displayed in a window, the background is 
retained. | 


wle In overlay modes, only the contents of the MC6845 foreground is 
displayed; the MC6845 background is suppressed. The contents of 
the uPD/7ee@ display planes are cutput to the monitor instead of 
the MC6845 background color. In effect, whatever is written ta 
the uPD7e220 display planes becomes the MC6845 background. 


Whenever the uPD722@ is enabled (bit 7 = 1), the MC6845 color 
select function is enabled by the TRANSFORMER hardware. The 
value of bit 2 then determines which overlay mode is used. If bit 
? equals 1 and bit 2 equals @, the MC6845 foreground is displayed 
in foreground. If both bit 7 and bit @ equal 1, the MC6845 
foreground is displayed in background. | 


sei2 Color Select Register (1/0 Base +9 -- ‘3B9' or ‘*3D9') 


The Color Select Register is an 8-bit write-only register. The first 6 bits 
are used toa determine the color of certain aspects of the MC6845 plane 
image. Its actual color control function varies with the video output mode 
specified. This high order bit is used to synchronize the MC6845 and 
uPD7220 chips. 3 | 


In general, this register functions like the IBM color/graphics adapter 


Color-Select Register when the TRANSFORMER is operated in IBM compatible 
modes. 


v~13 
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The following diagram describes the function of each bit in this register. 


MSB LSB 


rlefsts{efefife: 


look-up table address 
blue background in 328 x 2080 
blue foreground in 628 x 200/430 


look-up table address 
green background in 328 x 200 
green foreground in 620 x 200/400 


look-up table address 
red background in 328 x 200 
red foreground in 620 x 200/480 


look-up table address 
intensity background - 322 x 200 
intensity foreground - 649 x 280/400 


foreground color intensity in 328 x 2820 mode 
polarity of blue plane in 320 x 200 mode 
not used 


1 = synchronize MC6845 and uPD722e0 
Bit 7 


Bits @ through 3 of this register control the 32e@ x ca graphics mode 
background, ard 648 x 200 or 648 x 428 graphics mode foreground colar 
selecticn. Because the TRANSFORMER does not display a border in the text 
modes, these bits have no effect on the colors displayed by the MC6845 when 
it 15 operated in color alphanumeric modes. However bits @ through 3 can be 
used to determine the color of displayed text when monochrome mode is 
selected. The TRANSFORMER hardware sets the value of 12812 to produce a 
default character color of intensified green. Use these bits ta change the 
text display color. The four low order bits alsa supply the color index 
address toa the DAC look-up table, but only when that device is being 
programmed. 


Bit 4 selects the intensity of the displayed foreground cclors af the Seca x 
ed graphics mode. If bit 4 is low (@), the foreground palette selected by 
bit 318 not displayed in high intensity. If bit 4 is high (1), then the 
selected palette is intensified. 
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Bit & selects which of the two foregrcaund palettes possible in 324 x ead 
graphics mode is used. The palette selection is determined by the polarity 
of the MC6845 blue plane. If bit 5 is set to @, there is no blue plane. If 
bit S is set to 1, the blue plane is always present. The red and green 
elements of the medium reselution color palettes are selected by the high 
and low order bits of the 320 x 204 pixel. If both bits are 4, the 
background color selected by bits @ toa 3 are displayed. When the blue plane 
is disabled (bit 5 = 0), this palette of colors is possible in 328 x 20a 
graphics mode: - 


Ci (red) CO (green) Color Selected 


1) Q Background defined by bits @ to 3 
@ | Green 

1 M Red 

| i Brown (or dark yellow) 


When the blue plane is enabled (bit 53 = 1), this is the 324 x e@@ palette: 


Ci (red) C@ (green) Color Selected 


SR EL RT ES TE I EE TNE LR CL ERI ER SC ET RIE TE TS TL TE PA LE TO ED EE EE ED 


) Y) Background defined by bits @ to 3 
) | Cyan 

1 @ Magenta 

i 1 


White 


Bit 7 is used ta synchronize the uPD7220 and MC6845 chips sa that videe 
output of each is directly overlaid. For synchronous operation, first 
initialize bath graphic controllers so their horizontal and vertical syne 
rates are identical. Then, bit 7 must be set high (1) through one blanking 
interval and then set low (@) at the end of blanking before the next uPD/ecu 
vertical sync. 


To determine the correct interval in software, first set bit 7 ta 1. Then, 
at the end of the uPD7220 vertical sync pulse wait fer a period of about 10 
horizontal blanking pulses. Then set bit 7 to @ before the next uPD/ee 
vertical sync occurs. The uP D7220 vertical syne and herizantal blanking 
pulse status can be determined by reading the value of uPD/eed status 
register bits 3S and 6 respectively. This delay ensures that the MC6845 is 
started at the end of the blanking interval and before the next uPD72ea 
vertical sync. Setting the sync bit 7 to @ permanently enables the MC6845. 
If bit 7 is left high, the MC6845 display is permanently turned off. 


Bit 6 of this register is not used. 


i 
pout. 
ch 
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313 Status Port (1/0 Base +12 -- ‘3BA’ or ‘3DA’) 
The Status Fort is an 8-bit read-only register which can be used by = any 


program toa determine the state of certain TRANSFORMER hardware parameters. 
The following table defines the bit functions of this port. 


Mono ~- video display or 

vertical retrace 

@= Color - video display 

1 = Mono - horizontal retrace 

1 = Color - horizontal or 
vertical retrace 

@= no light pen read possible 

i = light pen read strobe latch 
on 

@= light pen switch off 

1 = light pen switch on 


= Mono — no video display 

= Color - video display or 
horizontal retrace 

1 = Mono - video display 

1 = Color - vertical sync 


pixel count at pen strobe - 


The functions of bits @ and 3 duplicate the functions of the IBM status part 
bits @ and “43. The definitions of these bits are dependent on the 
TRANSFORMER’S operating mode, whether color or monochrome. 


Bits 1 and 2 reflect the current light pen status. These bits are 
meaningful ain both monochrome and color/graphics modes of operation. 
Although the TRANSFORMER supports use of a light pen in monochrome mode, 
light pens function only with standard persistence monitors such as the IBM 
color monitor. 


When bit 1 is high, you can read the light pen location from the MC6845 
registers Ri@ and Ril. This bit is set ta il when a trigger pulse is 
detected by the light pen. The bit 1s set law (@) whenever a system reset 
eccurs or a command ta clear the light pen is sent to the Clear Light Fen 
port at I/O base address +14 (S3BB or SDH). Bit @ is set high when the light 
pen switch is open and low when the light pen switch is closed. Nate that 
this bit is net latched and the switch must be polled fer continuous update. 
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Bits 4 through 7 of this pert are used te define a pixel ceaunt when the 
light pen strobe occurs. Both the MC6845 and the uPD7228 only define a 
light pen strobe to the work level. These four bits are read from a four 
bit counter which counts the pixels as they are displayed by the 
TRANSFORMER. 


so14 Clear Light Pen (1/0 Base +11 -- ‘3BB'’ or ‘3DB’) 


Ary access to this 1/0 port (either read or write) clears the light pen 
latch and forces bit 1 of the Status Port to d. 


3.15 Set Light Pen (1/0 Base +12 -- ‘3BC’ or *3DC’) 


Any access to this I/0 port (either read or write) sets the light pen latch 
high, forcing bit 1 of the Status Port to 1. This register can be used in 
diagnestic routines to simulate the action of an actual light pen. 


Note that on the IBM Monochrome display adapter, this port is used as the 


parallel printer data port. If you are using a parallel printer, access toa 
this port simply strobes the light pen latch. 


5-16 Printer Status Port (1/0 Base +13 -~- ‘35D’ or ‘3DD') 
and Printer Contrel Pert (1I/) Base +14 -—- ‘3BE’ or ‘3DE') 
and 1/0 Port Base +15 -~- ‘SBF’ or ‘3DF’ 


These ports are not used on the TRANSFORMER. 


End of Chapter 3S 


Chapter 7 
Modifying TRANSFORMER Default Outputs 


The default cutput configuration of the TRANSFORMER is predetermined in the 


board layout and wiring. With some simple beard modifications, yoau can 
adjust these standard cutputs for compatible aperation with a variety of 
different monitors. You can also modify the board ta change the 


TRANSFORMER’s I/0 port base addresses. The following outputs can be 
modified: 


Sync on Green (default = ON) 

Composite Sync Polarity (default = NEGATIVE) 

Composite Sync (default = INTERNAL, EXTERNAL for Genlock Opticn) 
Composite Blanking (default = INTERNAL, EXTERNAL for Genlock Option) 
Horizontal Sync Polarity (default = POSITIVE) 

Vertical Sync Polarity (default = NEGATIVE) 

Color Output (default = TTL) 

Base 1/0 Address (default = S3B4/SD@ = IBM I/O port base address) 


All modifications are made on the back or solder side of the TRANSFORMER 


card. Na modifications are required on the component side. When you lock 
at the back of the card, the modification locations are all in a vertical 
row or the left side of the card above the 6e-position 1/0 cormnecter. Each 


output modification location is identified on the back of the board by an 
upper-case letter and a box outlining the traces and feedthroughs affected. 


Generally, a modification is made by cutting the etched trace between two of 
the numbered feedthrough points. A jumper wire is then installed between 
one of the original numbered points and the alternate feedthrough point. 


NOTE: It is possible to damage the board in making these modifications. 
If you have never made this kind of hardware modification, use 
extreme care when making these changes. Or, ask someone who is 
experienced ta make the changes for you. 


Figure 7.1 reproduces the layout of the back or solder side of the 
TRANSFORMER beard where the output modifications are made. Notice that 
there are nine boxes lettered A through G. Each lettered box corresponds ta 


one of the cutputs that can be modified. There are two D boxes -- more 
about that later. To change one of the default sutputs, find the letter 
that corresponds ta that output in the table below. In each case, the 


output signal is named first and the relevant board location is identified. 
The table lists the possible signal states and then describes any 
meadifications which may be necessary. 


itil 


HAH 
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How to Make the Modifications 


Raa TN IEE ERO TED LETTE CNL EPID EAL OEE OE LIE OLE TI EEE IEP GREE LEDC ELL ELE LAL LEE LEE ELE TD LEE LEED EGE LIE LED EDE ELS ECL ID RE ELLE LOL EL TLD ALD ET ECR ESOS ND TC ERED SLE EE ELLE OLED 


Out put Board Signal Modification 
To Modi fy Location State Description 
ERAT STD NIT NEIL OGRE IOI GET NA ES IT STEER GIDEA ITNT OE IRIN I TEE TE II TCT ETA IG TONE SEE TI EIEN FC IETS BS IIIS BOT TES NNR SI II I I RI IS SEE ETT ESSE STE LOE LELILY 
Sync On Green Aa ON | DEFAULT 
OFF 1. Cut trace between 1 ard 2 


2. Install jumper between < and 3 
QELS EAE TAIT LIES ETE LE TN ET TOT TLS TET TET TD LE LI ET OE IC ELE ER TED TET AT NT OL AOE, LEDS ITD TELNET LOL LEE LRG IT IEEE SLE SPELT ENE LEAT TELE CEREAL EDDIE LLL EE LOLA DIDDLEY 
Composite Sync B Internal DEFAULT 


External 1. Cut trace between 1 ard <2 
c. Install jumper between = and 3 


SRS a ET I EE i RS I EDAD EN SOE Le Be OTE OC EEE ET ORS A TE aT TT IES LE EL TELL ERENT LOT ITE ETE TEL OT SET TORIC PLE, IOI OTITIS 


Composite C Internal DEFAULT 
Blanking External 1. Cut trace between 1 and 2 
e. Install jumper between ©& and 


OJ 


ern nsec a TA LETTS ESET PRE ILI I AE TA I RE ET AS oT EE EE SEI DTT PENI DISET I BS EN LE AI EME NATE REET TIE PED EID OSE OG RE NT EL STEER 


Color Output D TTL DEFAULT 

Analog 1. Cut traces between the D bax on 
the right (the one with only 3 
feedthroughs) and the 9-pin D- 
Sub cormector piris 3, 4 and 3. 
Within the D box on the left, 
install a jumper between each 
point on the right side of the 
box (labelled R, G, and &) and 
the parallel point on the left 
side of the box. 


ro 


EAE IEEE ETE TOI IIE OT ARATE RE OED EET EN ST ET RE EN ET LE EE EE ED ON a SN ES ET EEE EE ET OEE 


I/O Port Base E 3Ba/3Da DEFAULT -- Each feedthrough in the © 
Address the nunbered row of four 
feedthroughs aon the right side of E 
is connected with a board trace ta 
the parallel feedthrough in the 
middle row (the row marked +). 


Change for 1. Cut the appropriate traces 
Alternate between the right row (numbered) 
Address and the middle raw (+) of 
feedthroughs in bex E. 

At locations where traces cut, 


fs 


install a jumper between the 
feedthrough at the right and the 
parallel feedthrough at the left 
Side af box E (in the row marked 
=) 26 
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I/O Port Base 

Address (cont. ) 

A total of sixteen (16) pairs of alternate 1/0 port base addresses are 


possible. The table below shows each possible alternative pair and 
lists which jumper positions toa modify toa select that pair. 


Address Pair Jumper Modified Resulting 


MONO/Color (Change ta —) Cormect icons 
{e234 
O22 / 2428 1, &, 3, 4 a 
O38 / A350 Cy oy 4 +-—-- 
@A@ / BC 1, 3, 4 -+-- 
QB2 / ADA 3, 4 5 ee 
128 / 140 1, 2, 4 -——-—+- 
138@ / 150 2, 4 Si os 
1A@ / 1C 1, 4 a i i 
iBb@ / ibe 4 + oo 
228 / 240 Ly ey. 8 -——-—-— + 
238 / 25a 2, 3 Se 
2AW / 20d 1, 3 se SS Se ae 
eRe / 2Da 3 5 ie aoa 3 
328 / 348 i, 2 eon ile 2 
338 / 35a 2 a 2 
3A / SCA 1 ~+ + + 


Alternate I/0 port selection changes the address of the IBM-compatible 
memory buffers on the TRANSFORMER card. This can cause problems with 
IBM-compatible software and with system operation. If you intend ta 
use an alternate 1/0 port base address pair, please consult Control 
Systems before proceeding with this modification. 


Horizontal Syne F Positive | DEFAULT 
Polarity Negative 1. Cut trace between 1 and 3 
cc. Install jumper between 1 and é& 


aa ec meer earn ca a RENN TOE EOI III I CIE ASIII I IIE SIE I ET TPO TEINS NIECES ERE ERTIES EID AINE TE TOE LEIS TELE TELE TILE EELS IEICE ELL ED LELAND IEE LD 


Composite Sync G Negative DEFAULT 
Polarity Positive 1. Cut trace between 3 and 4 
<. Install jumper between 2 and 4 


Vertical Syne H Negative DEFAULT 


Polarity Positive i. Cut trace between 1 and 3 
2. Install jumper between <= and 3 


The next two illustrations are included ta help you understand the 
modifications described above. 
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Figure 7.2 165 a simplified schematic showing the output lines ccomfigured by 
the modifications D, F, G and H. 


- | Video Output 
Connector 
eee D-Shell 


9 Vert Sync 
8 Horz Sync 
7 Comp Sync 


J perenne 
fps 6 Intensity 
U3S4 {23 0 : 5 P15 Blue 


Essen 4 Green 
DAC me $s 3 Red 


2 Ground 
}1 Ground 
FOR ANALO@ MONITORS | ‘SUN Por® | | 


oe D - right side 


| ver F244 F244 


B/ 6} 4/47/42)43)15 


D - left side 


Vert Sync + PbS -6 


Horz Sync + P06 
row 


Comp Sync + aan Zoos 
C 


Figure 7.2 Schematic of Output Jumpers to 9-Pin D-Shell Connector 


IBGR 


Figure 7.3.a belcow shows the layout of E for the default I/0 port base 
address pair 3SB@ and 3D. Figure 7.3.6 shows the connections required tea 
change toa the alternate 1/0 address pair cA@/2Ca. 


tw 1 1 
a rs raf 
o 3 3 
a 4 4 
Default 
Configured for 3Ba/SDa Configured far 2A@/eECU 


Figure 7.3 Jumper E Configuration 


End of Chapter 7 


Appendix A 
Files Distributed in the TRANSFORMER Package 


The TRANSFORMER package includes two distribution diskettes which contain 
the files you need to start using your TRANSFORMER immediately. The first 
disk, labeled Artist Transformer Tutor 3, contains the test program INTROS 
an interactive tutorial program called TUTORS, sample demonstration files, 
and parameter files. The other disk shipped with the package, Artist 
Transformer Utilities and Graphics Primitives, contains the ARTLIB library 
of graphics primitives and other utilities useful for TRANSFORMER operation. 


The files distributed with your TRANSFORMER are hardware and language 
specific. This means that the files on your distribution diskettes are 
intended for use only with the Artist TRANSFORMER hardware and with the 
language and compiler you specified when ordering your TRANSFORMER. 


In addition to the files listed here, you may find a file called README on 
your distribution diskettes. This file will contain any new information 
about changes ta the files, implementation notes, comments, and cautions 
which have not been included in this manual. If you fird a README file, be 
sure ta read 1t first. 


We assume that you are using IBM PC DOS version 2.88 or greater, or a 
compatible version of Microsoft MS-DOS. 


A.1 Files Shipped on Both Artist TRANSFORMER Distribution Diskettes 


Beth distribution disks shipped in the TRANSFORMER package contain a rumber 
of monitor parameter files. Each of these files contains the optimum 
initialization parameters for a particular monitor when the monitor is used 
with the TRANSFORMER. These ASCII text files are used as 15 by some 
programs to initialize the monitor (For example, INTROS, TUTORS, and with 
one minor change, AutoCAD). However, if you simply need a listing of the 
Values, these files can also be printed. 


The parameter files shipped on the TRANSFORMER disks are listed below, 
separated into groups for norn-interlaced and interlaced monitors. The 
642X440 parameter files are used when the TRANSFORMER is aperated with a 
five plane memory configuration. The 648X484 parameter files are used wher 
the TRANSFORMER is operated in four plane ard three plane memory 
configurations. Note that your disk may contain only some of these files. 


Parameter Files for Nor-Interlaced Monitors: 


640X440N.NEC - NEC 1481 

640X48¥N.NEC - NEC 1481 

640X400N.G1IG - Gigatek 1331 

640X480N.G61G - Gigatek 13Gl 

640X442N.PG5 —- Princeton Graphics Systems PGS SR-ie 
640X480N.PGS —- Princeton Graphics Systems POS SR-1z2 
64X400N. TAN - Tandy CM-1 (Radia Shack) 
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Parameter Files for Nen-Interlaced Monitors (cont.)s: 


® 640X420aN. FRO 
@ 640X488N. PRO 
@ 640X400N. 411 
@ 640X400N. TAX 
@ 640X400N. ELH 


IBM Professional Graphics Display 
IBM Professional Graphics Display 
NEC 1414 

TAXAN 442 

Electrohame Gid9 


Parameter Files for Interlaced Monitors: 


@e 640X400I. IBM —- IBM Color Graphics Display 

@ 640X4801I.1BM - IBM Color Graphics Display 

@ 640X400I.EUR —- S@Hz European Display 

@ 648X48@I.EUR - S@Hz European Display 

@ 640X400I.GEN - GENLOCK Option 

@ 6420X4801.GEN —- GENLOCK Option 

@ 640X4001.ZVM - Zenith ZVM136 — 

@ 640X4801.ZVM - Zenith ZVM13S6 
We suggest that you use the parameter file supplied for your monitor. If 
there is no file listed in the directory or supplied on the TRANSFORMER disk 
for use with your monitor, you can prepare your own file. Check your 


TRANSFORMER Setup Specification sheet for the correct values. Use any text 
entry program which outputs standard ASCII text. 


Here is the format for parameter files: 


Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 


Won na & he 
i 


- Interlace mode (non-interlaced=4, interlaced=1 or 9) 
- Pitch (Active words) 

- Horizontal Sync (HS —- wards) 

- Vertical Syne (VS - lines) 

Horizontal Front Porch (HFP — words) 

~- Horizontal Back Porch (HBP —- words) 

~- Vertical Front Porch (VFP —- lines) 

- Vertical Back Porch (VBP - lines) 

- Active Lines (AL - lines) 


Line 14 - Display Length (LEN - lines) 
Line 11 - Maximum X Resolution (MAX X - pixels) 
Line 12 -— Maximum Y Resolution (MAX Y -— pixels) 


If you are using an analog version of the TRANSFORMER and an analog monitor, 
you will need to use these files: 


e LDLT.COM 


- A command file which loads the look-up table on the 


Artist TRANSFORMER with a TTL-like palette. This file 
must be loaded whenever an analog version of the 
TRANSFORMER 15 powered up. A TTL version TRANSFORMER 
does not require that this command be executed. 


Control Systems ARTLIB User's Guide A Files Distributed 


@ AUTOEXEC. BAT - 


Although it can be executed at any time, we recommand 
that this file be listed as a command in an AUTOEXEC. BAT 
file located in the reot directory of the disk from 
which you load DOS. Then, at each system power up or 
restart, DOS automatically runs the LDLT program which 
initializes the analog look-up table. 


A batch file that can be used to load LDLT.COM at each 
system power up or restart. This file contains the 
commands LDLT, DATE, and TIME; however, it can be 
altered to suit your system requirements. 


A.2 Artist TRANSFORMER Tutor 3 Diskette Files 


These files are shipped on the Artist TRANSFORMER Tutor 3 diskette: 


@ INTROS. EXE 


@ TUTORS. EXE 


@e CONFIG.SYS 


@ HCHAR. DAT 


eae 


- An ainteractive program which demenstrates mast of the 


basic TRANSFORMER functions. It 15 used as a test 
program during installation. 


An interactive tutorial program for the TRANSFORMER. 
Use TUTORS to experiment with the ArtlibsS primitives. 


A text file that DOS loads from the root directory of 
the drive from which it was started at each system 
start. This file contains the command DEVICE=ANSI.S8YS 
which tells DOS ta load the extended screen and keyboard 
device drivers. The file ANSI.SYS must alse be resident 
in the same directory at system start up (or specify the 
drive and path name). The ANSI.SYS file is supplied on 
your DOS system disks. 


Use this file to load ANSI.SYS whenever you intend ta 


- use the TUTORS pregram. Unfortunately, ANSI.SYS uses a 


value which sets the TRANSFORMER to 8@ x 25 text mode 
wherever the screen is scrolled while ANSI.SYS is the 
console driver. 


To avoid this problem, prepare a separate bootable 
system disk and copy the CONFIG.SYS and ANSI.SYS files 
to that disk. Then reset the system (Ctrl-Alt-Del) and 
load DOS from that disk whenever you want ta use the 
TUTORS program. When you exit from TUTORS, reboot the 
system again using a system disk which does net contain 
an ANSI.SYS device driver file. If you oaperate the 
system with the ANSI.SYS file leaded, be sure that your 
application programs uses only the 8@ x 25 text mode ar 
deesn’t scroll the screen. 


- An 8 x 16 character data file used by INTROS and TUTORS. 


@ NECCEXFP.EXE - An executable dema program for the NEC 1481 monitor. 


@ GIGCEXP.EXE - An executable demc program for the Gigatek 1331 moniter. 


A-3 
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A.3 Artist TRANSFORMER Utilities and Graphics Primitives Diskette Files 


The Artist TRANSFORMER Utilities and Graphics Primitives diskette contains 
the following utilities and sample preagram files. 


The following 


MONO. COM 

4BLACK. COM 
44COLOR. COM 
8WBLACK. COM 
8dCOLOR. COM 
3eX2WBW. COM 
J2X28CR. COM 
64X20BW. COM 


executable command files can be used tea change the 
TRANSFORMER’s display between the varicus IBM compatible display modes. 


88 column x 25S line monochrome text mode. 

44 column x 25 line black ard white text mode. 
44 column x 25 line color text mode. 

88 columm x 25 line black and white text mode. 
84 column x 2S line color text mode. 


3c4 x 2d pixel black and white graphics mode. 
328 x 288 pixel color graphics mode. 
644 x £00 pixel black and white graphics mode. 


These assembler files contain the source cade of the mode selection command 
files listed above: | 


MONO. ASM 

410BLACK. ASM 
4ZCOLOR. ASM 
8UBLACK. ASM 
84COLOR. ASM 
3e2xX28BW. ASM 
32X2Q@CR. ASM 
64X20BW. ASM 


84 colum x 25 line monochrome text mode. 

44 columm x 2S line black and white text mode. 
44 columm x 25 line color text made. 

84 column x 2S line black and white text mode. 


84 column x 25 line color text mode. 
S24 x 200 pixel black and white graphics mode. 
Sc@ x 288 pixel color graphics mode. 
640 x 288 pixel black and white graphics mode. 


Several other sample source files are alse included om this diskette: 


e LDLT.ASM 


@ INITAS. BAS 


@ GENLKAS. BAS 


e@ INIT48@A. BAS 


@ HCHAR. DAT 


The assembler seurce code of the LDLT.COM executable 
file. 


An interpretive BASIC file which demonstrates haw toa 
initialize the TRANSFORMER for cperation at 640 »%* 4 
resolution with a five plane memory comfiguraticmn. 


Arr interpretive BASIC file that shows how to initialize 
the TRANSFORMER for operation at 6420 x 4820 resolution 
with a five plane memory configuration and with an 
Artist GENLOCK cption. 


An interpretive BASIC file that illustrates TRANSFORMER 
initialization at 644 x 4820 resolution with a four plane 


memory configuration. 


A data file containing & x 16 pixel characters. 


Note that the BASIC files contain monitor parameters which may reed ta be 
modified ta correspond to yaur display monitor specifications. 
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The files currently distributed for use with each language compiler 
supported by ARTLIB are listed below by compiler. 


*« Macro Assembler: 


ARTSASM.LIB - linkable library 

MK3ASM.BAT —- batch file to compile and link programs 
ASMSDEMO. ASM - demonstration pregram scurce file 
ASMSDEMO.EXE - demonstration program executable file 


@ BASIC: 
ARTSBAS.LIB - linkable library | 
MK3BAS. BAT - batch file to compile and link programs 
BASSGIG. BAS - demonstration program scurce file 
BASSGIG.EXE - demonstration program executable file 


e Computer Innovations C86: 


ARTSLCS.LIB - linkable library for use with small model programs 
ARTSLCL.LIB - lirikable library for use with large model programs 


MK3LCS.BAT - batch file to compile and link small model programs 
MKSLCL. BAT - batch file to compile and link large model programs 
NECCEXP.C ~ demonstration program source file 

NECCEXP. EXE ~ demonstration program executable file 


@ Lattice C: 


ARTSLCS.LIB - linkable library for use with S model programs 
ARTSLCP.LIB - linkable library for use with P model programs 
ARTSLCD.LIB - linkable library for use with D madel programs 
ARTSLCL.LIB - linkable library for use with L model programs 


MKS3LCS.BAT —- batch file to cempile and link S model pregrams 
MK3LCL. BAT - batch file to compile and link L model programs 
NECCEXF.C - demonstration program source file 


e FORTRAN: 


ARTSFOR.LIB linkable library 

MKSFOR. BAT - batch file to compile and link programs 
FORDEMOS.FOR - demonstration program source file 
FORDEMO3.EXE —- demonstration program executable file 


@ Pascal: 


ARTSPAS.LIB - linkable library 

MKSPAS. BAT . - batch file to compile and Link programs 
PFASSDEMO.PAS —- damoanstration program source file 
PASSDEMO.EXE —- demonstration program executable file 


End of Appendix A 


uPD7220/GDC 


NEC 


u.PD7220-1/,PD7220-2 
NEC Electronics U.S.A. Inc. GRAPHICS DISPLAY 
. CONTROLLER 


Features 
(J Microprocessor Interface 


Description 
The 4PD7220 Graphics Display Controller (GDC) is an 


intelligent microprocessor peripheral designed to be the 


DMA transfers with 8257- or 8237-type controllers 


heart of a high-performance raster-scan computer graphics FIFO Command Buffering 
and character display system. Positioned between the L] Display Memory Interface 
video display memory and the microprocessor bus, the Up to 256K words of 16 bits 


GDC performs the tasks needed to generate the raster 


display and manage the display memory. Processor soft- 


ware overhead is minimized by the GDC's sophisticated 


instruction set, graphics figure drawing, and DMA transfer 


capabilities. The display memory supported by the GDC 
256K 16-bit words. The display can be zoomed and pan- 


ned, while partitioned screen areas can be independently 


scrolled. With its light pen input and multiple controller 


EI 
re 
can be configured in any number of formats andsizesupto [J 
O 
C] 


capability, the GDC is ideal for advanced computer 
graphics applications. 

For a more detailed description of the GDC’s operation, 
please refer to the GDC Design Manual. 

System Considerations 


The GDC is designed to work with a general purpose 
microprocessor to implement a high-performance 


computer graphics system. Through the division of labor 
established by the GDC's design, each of the system com- 


ponents is used to the maximum extent through six-level 
hierarchy of simultaneous tasks. At the lowest level, the 
GDC generates the basic video raster timing, including 


sync and blanking signals. Partitioned areas on the screen 


and zooming are also accomplished at this level. At the 
~-next level, video display memory is modified during the 


Read-Modify-Write (RMW) Display Memory cycles 
in under 800ns 

Dynamic RAM refresh cycles for nonaccessed memory 
Light Pen Input 

External video synchronization mode 

Graphics Mode 

Four megabit, a maePee display memory 
Character Mode 

8K character code and attributes display memory 
Mixed Graphics and Character Mode : 

64K if all characters 

1 megapixel if all graphics 

Graphics Capabilities wt 

Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 800ns per pixel 

Display 1024-by-1024 pixels with 4 planes of color | 
or grayscale | 

Two independently scrollable areas 


[] Character Capabilities 


Auto cursor advance 

Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 © 
Character rows per screen: up to 100 


(J Video Display Format 


figure drawing operations and data moves. Third, display 
memory addresses are calculated pixel by pixel as drawing 
progresses. Outside the GDC at the next level, preliminary 
calculations are done to prepare drawing parameters. At 


Zoom magnification factors of 1 to 16 
Panning 
: Commana-settable video raster parameters 


the fifth level, the picture must be represented as a list of 


graphics figures drawable by the GDC. Finally, this repre- 


sentation must be manipulated, stored, and communi- 
cated. By handling the first three levels, the GDC takes 
care of the high-speed and repetitive tasks required to 
implement a graphics system. 


C] Technology 


Es 


Rev/3 
1 


Single +5 volt, NMOS, 40-pin DIP 
DMA Capability 

Bytes or word transfers 

4 clock periods per byte transferred 


- Pin Configuration 2xWCLK 
DBIN 
HSYNC 


V/EXT SYNC 


1 
2 
3 
4 
5. 
6 
7 
8 
9 


Pin identification 


Pin 
No. Symbol Direction Function 
1 2xwCL_k IN Clock input 
2 OBIN OUT Display Memory Read Input Flag 
3 HSYNC OuT Horizontal Video Sync Output 
4 V/EXTSYNC IN/OUT Vertical Video Sync Output or External VSYNC input 
5 BLANK OUT CRT Bianking Output 
6 ALE(RAS) OUT Address Latch Enabie Output 
7 DRQ OUT DMA Request Output 
8 DACK IN DMA Acknowledge input . 
9 FAD : IN Read Strobe input for Microprocessor interface 
10 WR iN Write Strobe input for Microprocessor Interface 
11 AO IN Address Select Input for Microprocessor intertace 
12-19 DBOto7 IN/OUT Bidirectional Data Bus to Host Microprocessor 
20 GND _ Ground 
21 LPEN IN Light Pen Detect input 
22-34 ADOto 12 IN/OUT Address and Data Lines to Display Memory 
35-37 AD13to 15 IN/OUT Utilization Varies with Mode of Operation 
38 Ai6 OUT Utilization Varies with Mode of Operation 
39 A1i7 OuT Utilization Varies with Mode of Operation 
40 Vec _ + 5V + 10% 


DREQe DMA 
DACKo Control 


DB-0 to 7 8 9 Mic 


Block Diagram 


roprocessor | 

interface 
with 
Status Reg. 

DATA READ Reg.} 


FIFO 
Buffer 
16x9 


Command 
Processor 
with 
Control ROM 
128 x 14 


Parameter 
RAM 
16x8 


+5V O———— 
GND 0-2 
2xWCLKO=———> 


SmuNnncw 


Character Mode Pin Utilization 


Pin 
No. Name Direction Function 
35-37. AD13 to 15 OUT Line Counter Bits 0 to 2 Outputs 
38 A16 OUT Line Counter Bit 3 Output 
39 A17 OUT Cursor Output and Line Counter Bit 4° 


Mixed Mode Pin Utilization 


Pin 


No. Name Direction Function 
35-37 AD13 to 15 IN/OUT Address and Data Bits 13 to 15 
38 8 8§=6—A16 OUT Attribute Blink and Clear Line Counter* Output 
39 = A17 OUT Cursor and Bit-Map Area* Fiag Output 


*Ouiput 10 clock cycles after trailing edge of HSYNC. See figure for 
timing example. 


Graphics Mode Pin Utilization 


Pin 
No. Name Direction Function 
35-37 AD13 to 15 IN/OUT Address and Data Bits 13 to 15 
38 8 Ai6 OUT Address Bit 16 Output 
39 «=6A1I7 OUT Address Bit 17 Output 
SVIEXT SYNC 
Generator ~©o BLANK 


Memory O ALE 
Timing 0 DBIN 
Generator 
oO Zoom & Pan 
N : Controller 
T nmi 
E 
y Drawing 
Lf Controlier 
8 
‘ B 
+ Display D A-17 
Memory Oe Ac16 
B Controller 20 AD-15 
= with “0 AD-14 
S : 
Retresh Counter |, ap-13 
Line Counter : 
“ — ii (73> AD-0 to 12 
Light Pen 
=| Deglitchand jo-oLPEN 


Register 
Logic 


GDC Components 


Microprocessor Bus Interface 


Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The status 
register is readable at any time. Access to the FIFO buffer 
is coordinated through flags in the status register and oper- 
ates independently of the various internal GDC operations, 
due to the separate data bus connecting the interface and 
the FIFO buffer. 


Command Processor 


The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the GDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 


DMA Control 


The DMA control circuitry in the GDC coordinates trans- 
fers over the microprocessor interface when using an exter- 
nal DMA controller. The DMA Request and Acknowledge 
handshake lines directly interface with a 4PD8257 or 
44£PD8237 DMA controller, so that display data can be 
moved between the microprocessor memory and the dis- 
play memory. 


Parameter RAM 


The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing processes. In 
character mode, this RAM holds four sets of partitioned 
display area parameters; in graphics mode, the drawing 
pattern and graphics character take the place of two of the 
sets of parameters. 


Video Sync Generator 


Based on the clock input, the sync logic generates 

the raster timing signals for almost any interlaced, non- 
interlaced, or “repeat field” interlaced video format. The 
generator is programmed during the idle period following 
a reset. In video sync slave mode, it coordinates timing 
between multiple GDCs. 


Memory Timing Generator 


The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read- 
modify-write (RMW) cycle which takes four clock periods. 
The memory control signals needed to drive the display 
memory devices are easily generated from the GDC’s ALE 
and DBIN outputs. | 


Zoom & Pan Controller 


Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat- 
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address 
and line count of the next display area from the parameter 
RAM. The system microprocessor, by modifying a display 


area starting address, can pan in any direction, indepen- 
dently of the other display areas. 


Drawing Controller 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels of the 
various graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 


Display Memory Controller 

The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor- 
mation in and out of the display memory. It also contains 
the 16-bit logic unit used to modify the display memory 
contents during RMW cycles, the character mode line 
counter, and the refresh counter for dynamic RAMs. The 
memory controller apportions the video field time between 
the various types of cycles. 


Light Pen Deglitcher 

Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi- 
cates to the system microprocessor that the light pen 
register contains a valid address. 


Programmer’s View of GDC 

The GDC occupies two addresses on the system micro- 
processor bus through which the GDC's status register and 
FIFO are accessed. Commands and parameters are writ- 
ten into the GDC’s FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 


Bo leeereres| nent 
¥ FIFO Read Command into FIFO 


GDC Microprocessor Bus Interface Registers 


Commands to the GDC take the form of a command byte 
followed by a series of parameter bytes as needed for 
specifying the details of the command. The command pro- 
cessor decodes the commands, unpacks the parameters, 
loads them into the appropriate registers within the GDC, 
and initiates the required operations. 


The commands available in the GDC can be organized into 
five categories as described in the following section. 


GDC Command Summary 


Video Control Commands 


1. RESET Resets the GDC to its idle state. 
2. SYNC Specifies the video display format. 
3. VSYNC Selects master or slave video synchro- 
nization mode. 
4. CCHAR Specifies the cursor and character row 


heights. 


Display Control Commands 


1. START Ends Idle mode and unblanks 
the display. 

2. BCTRL Controls the blanking and unblanking of 
the display. 

3. ZOOM Specifies zoom factors for the display 
and graphics characters writing. 

4. CURS Sets the position of the cursor in 
display memory. 

5. PRAM Defines starting addresses and lengths 
of the display areas and specifies the 
eight bytes for the graphics character. 

6. PITCH Specifies the width of the X dimension 


of display memory. 


Drawing Control Commands 


1. WDAT Writes data words or bytes into 
display memory. 

2. MASK Sets the mask register contents. 

3. FIGS Specifies the parameters for the 
drawing controller. 

4. FIGD .__ Draws the figure as specified above. 

5. GCHRD Draws the graphics character into 


display memory. 


Data Read Commands 


1. RDAT: Reads data words or bytes from 
| display memory. 

2. CURD: Reads the cursor position. 

3. LPRD: 


Reads the light pen address. 


DMA Control Commands 


1. DMAR Requests a DMA read transfer. 
2. DMAW Requests a DMA write transfer. 


Status Register Flags 


Data Ready 

FIFO Full 

FIFO Empty 

Drawing in Progress 
DMA Execute 

Vertical Syne Active 

~~ Horizontal Blank Active 
Light Pen Detect 


Status Register (SR) 


SR-7: Light Pen Detect 

When this bit is set to 1, the light pen address (LAD) 
register contains a deglitched value that the system micro- 
processor may read. This flag is reset after the 3-byte 
LAD is moved into the FIFO in response to the light pen 
read command. 


SR-6: Horizontal Blanking Active 


A 1 value for this flag signifies that horizontal retrace blank- 
ing is currently underway. 


SR-5: Vertical Sync 


Vertical retrace sync occurs while this flag is a1. The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync. This eliminates display disturbances. 


SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 


SR-3: Drawing in Progress 
While the GDC is drawing a graphics figure, this 
status bit is a 1. 


SR-2: FIFO Empty 

This bit and the FIFO Full flag coordinate system micro- 
processor accesses with the GDC FIFO. When it is 1, the 
Empty flag ensures that all the commands and parameters 


previously sent to the GDC have been interpreted. 


SR-1: FIFO Full 


A 1 at this flag indicates a full FIFO in the GDC. A 0 ensures 
that there is room for at least one byte. This flag needsto 
be checked before each write into the GDC. 


SR-0: Data Ready 

When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a 0 while the 
data is transferred from the FIFO into the microprocessor 
interface data register. | 


FIFO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO’s direc- 
tion is controlled by the system microprocessor through 
the GDC’s command set. The host microprocessor coordi- 
nates these transfers by checking the appropriate status 
register bits. 


The command protocol used by the GDC requires differen- 
tiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation 
code and the remaining bytes carry parameters. Writing 
into the GDC causes the FIFO to store a flag value along- 
side the data byte to signify whether the byte was written 
into the command or the parameter address. The com- 
mand processor in the GDC tests this bit as it interprets the 
entries in the FIFO. 


The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation 
from the GDC to the microprocessor can be terminated at 
any time by the next command. 


The FIFO changes direction under the control of the sys- 


tem microprocessor. Commands written into the GDC 
always put the FIFO into write mode if it wasn’t in it already. 


lf it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as RDAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
GDC’'s command processor. Any commands and param- 
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 


Read-Modify-Write Cycle 

Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem- 
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
memory cycle is used for all interactions with display mem- 
ory including DMA transfers, except for the two clock 
period display and RAM refresh cycles. 


The operations performed during the modify sortone of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 


The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the 
Logic Unit. For the next pixel in the figure, the next bit in the 
Pattern register is selected and the Mask register bit is 
moved to identify the pixel's location within the word. The 
Execution word address pointer register, EAD, is also 
adjusted as required to address the word containing the 
next pixel. 


In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify 
data word. Since the bits of the character code word are 
used in parallel, unlike the one-bit-at-a-time graphics draw- 
ing process, this facility allows any or all of the bits ina 
memory word to be modified in one RMW memory cycle. 
The Mask register must be loaded with 1s in the positions 
where modification is to be permitted. 


The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit 
dAD field to specify the dot address. The command pro- 
cessor converts this parameter into the one-of-16 format 
used in the Mask register for figure drawing. A full 16 bits 
can be loaded into the Mask register using the MASK com- 
mand. In addition to the character mode use mentioned 
above, the 16-bit MASK load is convenient in graphics 
mode when all of the pixels of a word are to be set to the 
same value. 


The Logic Unit combines the data read from display 
memory, the Pattern Register, and the Mask register to 
generate the data to be written back into display memory. 
Any one of four operations can be selected: REPLACE, 


COMPLEMENT, CLEAR or SET. In each case, if the 
respective Mask bit is 0, that particular bit of the read data 
is returned to memory unmodified. If the Mask bit is 1, the 
modification is enabled. With the REPLACE operation, the 
Pattern Register data simply takes the place of the read 
data for modification enabled bits. For the other three oper- 
ations, a 0 in the modify data allows the read data bit to be 
returned to memory. A 1 value causes the specified opera- 
tion to be performed in the bit positions with set Mask bits. 


Figure Drawing 

The GDC draws graphics figures at the rate of one pixel 
per read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre- 
quency of 5MHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 


The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 hori- 
zontally adjacent pixels form the 16-bit words which are 
handled by the GDC. Display memory is organized as 

a linearly addressed space of these words. Addressing 
of individual pixels is handled by the GDC’s internal 
RMW logic. 


During the drawing process, the GDC finds the next pixel 
of the figure which is one of the eight nearest neighbors of 
the last pixel drawn. The GDC assigns each of these eight 
directions a number from 0 to 7, starting with straight down 
and proceeding counterclockwise. 
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Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract or add the number of words per line in display 
memory. This parameter is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot address 
pointer bit reaches the LSB or the MSB of the Mask regis- 
ter. To move to a pixel within the same word, it is necessary 
to rotate the dot address pointer register to the right or left. 


Drawing Directions 


The table below summarizes these operations for each 
direction. 


Dir Operations to Address the Next Pixel 
000 EAD + P— EAD 
001 EAD + P— EAD 
dAD (MSB) = 1:EAD +1—EAD dAD—LR 
010 GAD (MSB) = 1:EAD+1—EAD dAD—LR 
011 EAD —- P— EAD 
dAD (MSB) = 1:EAD+1—EAD dAD-—LR 
100 EAD - P— EAD 
. @AD (LSB) = 1:EAD - 1— EAD dAD— RR 
110 @AD (LSB) = 1:EAD - 1— EAD dAD—RR 


GAD (LSB) = 1:EAD - 1--EAD dAD—RR 
Where P = Pitch, LR = Left Rotate, RR = Right Rotate, 

EAD = Execute Word Address, and 

dAD = Dot Address stored in the Mask Register. 
Whole word drawing is useful for filling areas in memory 
with a single value. By setting the Mask register to all is 
with the MASK command, both the LSB and MSB of the 
dAD will always be 1, so that the EAD value will be incre- 
mented or decremented for each cycle regardless of 
direction. One RMW cycle will be able to effect all 16 bits of 
the word for any drawing type. One bit in the Pattern regis- 
ter is used per RMW cycle to write all the bits of the word 
to the same value. The next Pattern bit is used for the 
_word, etc. 


For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 


= ag aL 


Po 

\ 

! v 
+7 
7 


Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR 
value. Arc drawing starts in the direction initially specified 
by the DIR value and veers into an arc as drawing pro- 
ceeds. An arc may be up to 45 degrees in length. DMA 
transfers are done on word boundaries only, and follow 
the arrows indicated in the table to find successive word 
addresses. The slanted paths for DMA transfers indicate 
the GDC changing both the X and Y components of the 
word address when moving to the next word. It does not 
follow a 45 degree diagonal path by pixels. 


Drawing Parameters 
In preparation for graphics figure drawing, the GDC’s Draw- . 
ing Processor needs the figure type, direction and drawing 
parameters, the starting pixel address, and the pattern 
from the microprocessor. Once these are in place within 
the GDC, the Figure Draw command, FIGD, initiates the 
drawing operation. From that point on, the system micro- 
processor is not involved in the drawing process. The GDC 
Drawing Controller coordinates the RMW circuitry and 
address registers to draw the specifed figure pixel by pixel. 


The algorithms used by the processor for figure drawing 
are designed to optimize its drawing speed. To this end, the 
specific details about the figure to be drawn are reduced 

by the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repeti- 
tive, pixel-by-pixel calculations can be done quickly, 
thereby minimizing the overall figure drawing time. The 
table below summarizes the parameters. 


Drawing Type pc D D2 D1 DM 
initial Value" 0 8 8 -1 -1 
Line | Aly 2}AD]—|jAl| 2J{AD}—jal]) 2;aD] = - 
Arc” rsin b r-1 2(r—1) -1  rsine | 
Rectangle 3 A-1 B-1 -1 A-1 


Area Fill B-1 A A - - 
Graphic Character*** B=1 A A - - 
Write Data W-1  - ~- - - : 
DMAR D—-1 C-2 (C= 2)/2t ~ — 
Read Data Ww - - - - 


“initial values for the various parameters remain as each drawing process ends. 
**Circles are drawn with 8 arcs, each of which span 45°, so that sin @ = 1/\’2 and sin 6 = O. 


***Graphic characters are a special case of bit-map area filling in which Band A <8. ifA = 8 
there is no need to load D and D2. 


Where: 
-—1= all ONES value. 


All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s 
complement notation where appropriate). 


~ = No parameter bytes sent to GDC for this paramesct 
Al= The larger at Ax or Ay. 
AD= The smaller at Ax or Ay. 
r= Radius of curvature, in pixels. 
o= Angie from major axis to end of the arc. ¢ < 45° 
6= Angle from major axis to start of the arc. 9 < 45° 
} = Round up to the next higher integer. 
4 = Round down to the next lower integer. 
A= Number of pixels in the initially specified direction. 
B= Number of pixels in the directién at right angles to the 
initially specified direction. 
W= Number of words to be accessed. 


C= Number of bytes to be transferred in the initially specified 
direction. (Two bytes per word if word transfer mode 
is selected.) 
D= Number of words to be accessed in the direction at right 
angies to the initially specified direction. 
DC= Drawing count parameter which is one less than the num- 
ber of RMW cycles to be executed. 
DM= Dots masked from drawing during arc drawing. 
t= Needed only for word reads. 


Graphics Character Drawing 

Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
into the GDC’s parameter RAM by the system micropro- 
cessor. Consequently, there are no limitations on the 
character set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis- 
play memory as many times as desired without reloading 
the parameter RAM. 


Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com- 
mand, the GCHRD command can be used to draw the 
bytes into display memory starting at the cursor. The zoom 
magnification factor for writing, set by the zoom command, 
controls the size of the character written into the display 
memory in integer multiples of 1 through 16. The bit values 
_inthe PRAM are repeated horizontally and vertically the 
number of times specified by the zoom factor. 


The movement of these PRAM bytes to the display mem- 
ory is controlled by the parameters of the FIGS command. 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 


For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 


The GDC jumps to the corresponding bit in RA-14 to con- 
tinue the drawing. The progression then ddvances toward 
the LSB of RA-14. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 
drawing processor as shown above. If the area is narrower 
than 8 pixels wide, the snaking will advance to the next 
PRAM byte before the MSB is reached. If the area is less 
than 8 lines high, fewer bytes in the parameter RAM will 
be scanned. If the area is larger than 8 by 8, the GDC will 
repeat the contents of the parameter RAM in two dimen- 
sions, as required to fill the area with the 8-by-8 mozaic. 
(Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8.) 


Parameter RAM Contents: RAM Address 

RA 0 to 15 

The parameters stored in the parameter RAM, PRAM, are 
available for the GDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation 
the values in the PRAM are interpreted by the GDC ina 
predetermined fashion. The host microprocessor must load 
the appropriate parameters into the proper PRAM loca- 
tions. PRAM loading command allows the host to write into 
any location of the PRAM and transfer as many bytes as 
desired. In this way any stored parameter byte or bytes 
may be changed without influencing the other bytes. 


The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four 
bytes are used. The four parameters stored in each block 
include the starting address in display memory of each 
display area, and its length. In addition, there are two mode 
bits for each area which specify whether the area is a bit- 
mapped graphics area or a coded character area, and 
whether a 16-bit or a 32-bit wide display cycle is to be used 
for that area. 


The other use for the PRAM contents is to supply the pat- 
tern for figure drawing when in a bit-mapped graphics area 
or mode. In these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the GDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit- 
mapped character drawing locations 8 through 15 are refer- 
enced for the pattern or character to be drawn. 


Details of the bit assignments are shown for the various 
modes of operation. 


Character Mode 


Display Partition Area 1 
high significance fields 


(word address) 


low significance fields 


A Wide Display cycle width 
of two words per memory cycle 
is selected for this display 
area if this bit is set to a 1. 
The display address counter 
is then incremented by 
2 for each display scan 
_ cycle. Other memory cycle 
types are not influenced. 


Display Partition 2 
Starting address 
and length 


Display Partition 3 
starting address 
and length 


Dispiay Partition 4 
Starting address 
and length 


Graphics and Mixed Graphics and Character Modes Command Bytes Summary 


| ! Display Partition Area 1 ; 
RA-0 SAD1, starting address with low, RESET 
middie, and high significance 


fields (word address) 
SYNC 
VSYNC 
Length of Display Partition 
— Area i with low and high CCHAR 


significance fields (line count) 


in mixed mode, 2 1 indicates an 

. image or graphics area, and a 0 START 
indicates a character area. in 

graphics mode this bit must be 0. 

When 1, the DAD is incremented 


every other display cycle. BCTRL 
Dispiay Partition Area 2 
RA-4 starting address and 
length with image ZOOM 
bit as in area 1 
5 
6 CURS 
7 
PRAM 
RA-8 A PTN, or GCHR 8 | PITCH 
pesreraeehacemaerctonetancea ether oennel ea : Pattern of 16 bits used for 
a eS RINE, figure drawing to pattern 
dotted, dashed, etc. lines ° 
9 PTN,, or GCHR7 WDAT 
2 eo 
12 GCHR4 Graphics character bytes 
wit i a Pea ARR oe to be moved into display 
memory with graphics 
3 | GCHR3 character drawing FIGD 
7 oe 
- : GCHRD 
18 | GCHAI 
RDAT 
CURD 
LPRD 
DMAR 
DMAW 


Video Control Commands 


Reset 


RESET: | 0 0 0 0 0 0 oO 4a 


Blank the display, enter 
idle mode, and initialize 
within the GDC: 


— FIFO 
— Command Processor 
— internal Counters 


This command can be executed at any time and does not 


modify any of the parameters already loaded into the GDC. 


If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 


Mode of Operation select bits 
See below 


Active Display Words per 
line —~2 Must be even 
number with bit 0 = 0 


Horizontal Sync Width — 1 
Vertical Syne Width, low bits 


P4 Vertical Sync Width, high bits 


P5 


P6 Vertical Front Porch Width 


P7 Active Display Lines per 


Video Field, low bits 


P8 VBP AL,, Active Display Lines per 


Video Field, high bits 


Vertical Back Porch Width 


In graphics mode, a word is a group of 16 pixels. In charac- 
ter mode, a word is one character code and its attributes, if 
any. The number of active words per line must be an even 
number from 2 to 256. An all-zero parameter value selects 
a count equal to 2" where n = number of bits in the param- 
eter field for vertical parameters. All horizontal widths are 
counted in display words. All vertical intervals are counted 
in lines. 


Horizontal Front Porch Width — 1 


Horizontal Back Porch Width — 1 


Horizontal Back Porch Constraints 


1. In general: 

HBP = 3 Display Word Cycles (6 clock cycles). 
2. Ifthe IMAGE or WD modes change within one 

video field: 

HBP = 5 Display Word Cycles (10 clock cycles). 
3. If interlace or mixed mode is used: 

HBP = 5 Display Word Cycles (10 clock cycles). 
Horizontal Front Porch Constraints 
1. If the display ZOOM function is used at other than 1X: 

HFP = 2 Display Word Cycles (4 clock cycles). 
2. If the GDC is used in the video sync Slave mode: 

HFP = 4 Display Word Cycles (8 clock cycles). 
3. If the Light Pen is used: 

HFP = 6 Display Word Cycles (12 clock cycles). 
4. If interlace mode is used: 

HFP = 3 Display Word Cycles (6 clock cycles). 


Horizontal SYNC Constraints 


1. If Interlaced display mode is used: 
HS = 5 Display Word Cycles (10 clock cycles). 


Modes of Operation Bits 


Cc G Display Mode 
0 0 Mixed Graphics & Character 
0 1 Graphics Mode 
1 0 Character Mode 
1 4 Invalid 
is Video Framing 
0 0 Noninterlaced 
Q 1 Invalid 
1 0 interlaced Repeat Field for Character Displays 
1 1 Interlaced 
Repeat Field Framing: 2 Field Sequence with 12 line 


offset between otherwise 

identical fields. 

2 Field Sequence with 72 line 

offset. Each field displays alter- 

nate lines. 

Noninterlaced Framing: 1 field brings all of the information 
to the screen. 


Total scanned lines in interlace mode is odd. The sum of 
VFP + VS + VBP + AL should equal one less than the 
desired odd number of lines. 


Interlaced Framing: 


i] Dynamic RAM Refresh Cycies Enable 
0 No Refresh — STATIC RAM 
1 Refresh — Dynamic RAM 


Dynamic RAM refresh is important when high display zoom 
factors or DMA are uSed in such a way that not ail of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display 
memory. 


F Drawing Time Window 
0 Drawing during active display time and retrace blanking 
1 Drawing only during retrace blanking 


Access to display memory can be limited to retrace blank- 
ing intervals only, so that no disruptions of the image are 
seen on the screen. 


SYNC Format Specify 


SYNC: | 0 0 0 0 1 1 1 DE 
The display is enabled by 


a1, and blanked by a 0. 


PI Mode of Operation select bits 
See below 


P2 Active Dispiay Words per 
line —2 Must be even 


number with bit 0 - 0 
P3 


~ Horizontal Sync Width — 1 
> Vertical Sync Width, low bits 


P4 Vertical Sync Width, high bits 


> Horizontal Front Porch Width — 1 


P5 Horizontal Back Porch Width — 1 


P6 Vertical Front Porch Width 


P7 - Active Display Lines per 


Video Field, low bits 


Pa VBP - Active Display Lines per 


Video Field, high bits 


pa 


Vertical Back Porch Width 


This command also loads parameters into the sync gener- 
ator. The various parameter fields and bits are identical to 
those at the RESET command. The GDC is not reset nor 
does it enter idle mode. 


Vertical Sync Mode 


VSYNC: | 0 1 1 0 1 1 1 a 


0—Accept External Vertical 
Sync — Slave Mode 


1 —Generaie & Output Vertical - 
Sync — Master Mode 


When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 

are connected together. 


A few considerations should be observed when synchro- 
nizing two or more GDCs to generate overlayed video via 
the VSYNC INPUT/OUTPUT pin. As mentioned above, the 
Horizontal Front Porch (HFP) must be 4 or more display 
cycles wide. This is equivalent to eight or more clock 
cycles. This gives the slave GDCs time to initialize their 
internal video sync generators to the proper point in the 
video field to match the incoming vertical sync pulse 
(VSYNC). This resetting of the generator occurs just after 
the end of the incoming VSYNC pulse, during the HFP 
interval. Enough time during HFP is required to allow the 
slave GDC to complete the operation before the start of the 
HSYNC interval. 


Once the GDCs are initialized and set up as Master and 


Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master GDC and 
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wait until after one or more VSYNC pulses have been gen- 
erated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has 
been at least one VSYNC pulse generated for the Slaves 
to synchronize to. 


Cursor & Character Characteristics 


Lines per character row — 1 


’ Display Cursor if 1 


P2 Cursor Top line number 
in the row 
0 — Blinking Cursor 
1 — Steady Cursor 
Blink Rate, lower bits 
P3 Blink Rate, upper bits 


-- Cursor Bottom line number in 
the row CBOT<LR 


In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always 2 the cursor rate 
but with a % on-% off duty cycle. All three parameter bytes 
must be output for interlace displays, regardless of mode. 
For interlace displays in graphics rnode, the parameter 
BR, = 3. 


Display Control Commands 


Start Display & End Idle Mode 


START: 


Display Blanking Control 


The display is enabled 
by a1, and blanked by 
a0. 


Zoom Factors Specify 


ZOOM: | O 1 0.69” 0 1 1 0 


Zoom factor for graphics | 
character writing and area 


filling 
Display zoom factor 


Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 


Cursor Position Specify 


CURS: o 1 0 0 1 0 0 1 
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Execute Word Address, 
low byte 


Execute Word Address, 
middie byte 


(Graphics Mode only) 


Word Address, top bits 


Dot Address within the word 


In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis- 
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing the starting pixel of the drawing; the dot address 
value specifies the pixel within that word. 


Parameter RAM Load 


PRAM: 


Starting Address in 
parameter RAM 


1 to 16 bytes to be loaded 
into the parameter RAM 
starting at the RAM address 
specified by SA 


WN 


v-—-—v 
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From the starting address, SA, any number of bytes 

may be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 


the FIFO. The parameter RAM stores 16 bytes of informa- 
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 


Pitch Specification 
PITCH: | 0 1 0 0 0 1 1 1 


in display memory in the 


horizontal direction 


This value is used during drawing by the drawing processor 


~ to find the word directly above or below the current word, 


and during display to find the start of the next line. 


The Pitch parameter (width of display memory) is set by 
two different commands. In addition to the PITCH com- 
mand, the RESET (or SYNC) command also sets the pitch 
value. The “active words per line” parameter, which spec- 
ifies the width of the raster-scan display, also sets the Pitch 
of the display memory. Note that the AW value is two less 
than the display window width. The PITCH command must 
be used to set the proper memory width larger than the 
window width. 


Drawing Control Commands 


Write Data into Display Memory 


we [eee me 


RMW Memory cycle 
Logical Operation: 
aaa, 
0 0 —a———— REPLACE with Pattern 
0 1 —_--—— COMPLEMENT 
1 0 ~s-——-— RESET to zero 
1 1 —-——-- SET to 1 


Data Transfer Type: 


rs 

0 0. Word, Low then High byte 
1 | 0————_—__—__—______—. Low Byte of the Word 

1 1 —______-___-_.___——. High Byte of the Word 

0 1 eg. Invalid 


PI WORD, OR BYTE Word Low Data Byte or 
: Single Byte Data vaiue 
etc. High Data Byte 


Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor 
EAD. The EAD pointer is advanced to the next word, 
according to the previously specified direction. More 
parameters can then be accepted. 


For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 


In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW opera- 
tions. Therefore it is possible to have only an all ones or 
all zeros pattern. In coded character applications all the 
bits of the WDAT parameters are used to establish the 
drawing pattern. 


The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 


parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters. Only 
the first three parameters need be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, 
and the DC value. The DC parameter +1 will be the num- 
ber of RMW cycles done by the GDC with the first set of 
WDAT parameters. Additional sets of WDAT parameters 
will see a DC value of 0 which will cause only one RMW 
cycle to be executed per set of parameters. 


Mask Register Load 


Low significance byte 


High significance byte 


This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 


The Mask register is loaded both by the MASK command 
and the third parameter byte of the CURS command. The 
MASK command accepts two parameter bytes to load a 
16-bit value into the Mask register. All 16 bits can be indi- 
vidually one or zero, under program control. The CURS 
command on the other hand, puts a “1 of 16” pattern into 
the Mask register based on the value of the Dot Address 
value, GAD. If normal single-pixel-at-a-time graphics fig- 
ure drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up the 
proper pattern to address the proper pixels as drawing pro- 
gresses. For coded character DMA, and screen setting and 
clearing operations using the WDAT command, the MASK 
command should be used after the CURS command if its 
third parameter byte has been output. The Mask register 
should be set to all “ONES” for any “word-at-a-time” 
operation. 


Figure Drawing Parameters Specify 
FIGS: |0 1 #0 oO 14 #714 O 0 


Drawing Direction Base 


Figure Type Select Bits: 

Line (Vector) 

Graphics Character 
Arc/Circle 

— Rectangle 

Slanted Graphics Character 


~~ DC Drawing Parameter 


. Graphics Drawing flag for use in 
Mixed Graphics and Character Mode 


D Drawing Parameter 


D2 Drawing Parameter 


D1 Drawing Parameter 


DM Drawing Parameter 


The parameters take on 
different interpretations for 
different figure types. 


Valid Figure Type Select Combinations 
, . ec L | Operation ae 

Character Display Mode Drawing, Individual Dot Drawing, 
DMA, WDAT, and RDAT 


Straight Line Drawing 


i=) 
eS 
= ' 
oO 
i=) 


Graphics Character Drawing and Area filling with graphics 
character pattern 


Arc and Circle Drawing 


0 1 0 o 60 Rectangle Drawing 
1 a |) 1 0 Slanted Grapnics Character Drawing and Sianted 
Area Filling 


Only these bit combinations assure correct drawing 
operation. 


Figure Draw Start 
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FIGD: 


On execution of this instruction, the GDC loads the param- 
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 


Graphics Character Draw and Area Filling Start 
GCHRD:; 0 1 1 0 1 0 0 0 


Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character 
or area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 


Data Read Commands 


Read Data from Display Memory 


eo [Te Pl 


0 Word, low then high byte 
0 Low byte of the Word only 


i—_——_—_——— High byte of the Word only 


Data Transfer Type: 


ot = 


i= invalid 


Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (OC = number of words 

or bytes). 

As this instruction begins to execute, the FIFO buffer direc- 
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param- 
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc- 
tion back to write mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 


Cursor Address Read 


CURD: / 1 1 1 0 0 0 0 of 


The following bytes are returned by the GDC through 
the FIFO: 


Execute Address (EAD), 
low byte 


Execute Address (EAD), 
high bits 


The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 

The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 


Dot Address (dAD), high byte 


Light Pen Address Read 


LPROD: | 1 1 #0 0 06 0 0 0 


The following bytes are returned by the GDC through 
the FIFO: 


A7 LAD, AO |~«— Light Pen Address, low byte 


A15 Light Pen Address, 


middle byte 


A8 
| ua, |} Light Pen Address, high byte 


The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal is 
detected and deglitched. 


The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 


DMA Read Request 


ew ee ee 


0 


OMAR: 


Data Transfer Type: 


Word, Low then High Byte 
0 


Low Byte of the Word 


1 —<-——__—_____———— High Byte of the Word 


o-*~ + 8 


1 nee INVA 


DMA Write Request 


DMAW: 


——— RMW Memory Logical Operation: 
0 0 —«——— REPLACE with Pattern 

0 1 —-—— COMPLEMENT 

1 0 —«-——- RESET to Zero 

1 1 —#—— SET to One 
——______________— Data Transfer Type: 


0 0(———_—_____—___———- Word, Low then High Byte 


1 0 —-—_—_—_————— Low Byte of the Word 
1 1 <—__—__—__—_— High Byte of the Word 
0 1 —<——___—___— Invalid 


AC Characteristics, .PD7220D 
T, = 0°C to 70°C; Vo, = 5.0V + 10%; GND = OV 


Read Cycle (GDC ~ CPU) . 
7220D Limits 7220D-1 Limits 7220D-2 Limits ea 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address Setup to RD | tan . 0 0 0 ns 
Address Hold from RD 1 tra 0 . 0 0 ns 
RD Pulse Width tari tap; + 20 tro; + 20 tap: + 20 ns 
Data Deiay from RD | tro: 120 80 70 ns C, = 50 pF 
Data Floating from RD { tor 0 120 0 100 0 90 ns 
RD Pulse Cycie tacy 4teok 4 tek 4 terk ns 
Write Cycie (GDC — CPU) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address Setup to WR | taw 0 0 0 ns 
Address Hold from WR 1 twa 0 0 10 ns 
WR Pulse Width tww 120 100 90 ns 
Data Setup to WR { tow 100 80 70 ns 
Data Hold from WR twp 0 0 10 ns 
WR Puise Cycle twey 4 tek 4 teik 4 tork ns 
DMA Read Cycle (GDC — CPU) 
7220D Limits 7220D-1 Limits 7220B-2 Limits Test 
Parameter Symbol Min. Max — Min Max | Min Max . Unit CGonditions 
DACK Setup to RD | tier 0 0 0 ns 
DACK Hold from RD 7 tax 0 0 0 ns 
RD Pulse Width tare tape + 20 troe + 20 tape + 20 ns 
Data Delay trom RD | tan 1.5 teix + 120 1.5 tex + 80 1.5 tek + 70 ns Cc. = 50 pF 
DREQ Delay from a 
2XWCLK f treq 150 120 100 ns Cc. = 50 pF 
DREQ Setup to DACK | tax 0 0 0 ns 
DACK High Level Width tox terx : terk terk ns 
DACK Puise Cycle te 4 terk® 4 terx* 4 terk” ns 
DREQ | Delay from 
DACK ; y tka) terk + 150 terk + 120 teLx + 100 ns Cc, = 50 pF 
* for high byte and low byte transfers: te = 5 tc_x 
DMA Write Cycie (GDC ~— CPU) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symboi - Min Max Min Max Min Max Unit Conditions 
DACK Setup to WR | thew 0 0 0 . ns 
DACK Hold from WR + twx 0 0 0 ns 
DREQ | Delay fro 
te ; ay from eee terx + 150 terx + 120 terx + 100 ns —s- C,_ = 50 pF 
R/M/W Cycle (GDC — Display Memory) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address/ Data Delay a 
from 2XWCLK + tap 30 160 30 130 36 110 ns C, = 50 pF 
Address/Data Floating os 
from 2XWCLK 7 torr 30 160 30 130 30 110 ns C, = 50 pF 
input Data Setup to 
2XWCLK | tos ° : re m 
input Data Hold from 
ax WELK i tom tog = 20 toe =- 20 tog = 20 As 
Saat bes Toe ae os: pdt se re . eee eee eee essen e : 28 
2XxWCLK | toe 30 120 30 90 30 80 ns C, = 50 pF 
ALE { Delay from = 
2XWCLK + tar 30 125 30 100 30 90 ns C, = 50 pF 
ALE | Delay trom ni 
2XWCLK | tre 30 100 30 80 30 70 ns C, = 50 pF 
ALE Width | taw V2 tek V2 tek V2 terk ns C, = 50 pF 
ALE Low Width tar tek + 30 tex + 30 terx + 30 ns 
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AC Characteristics, .PD7220D (Cont’d) 


Display Cycle (GDC — Display Memory) 
7220D Limits 7220D-1 Limits 7220D-2 Limits ‘Heat 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
input Cycle (GDC — Display Memory) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Input Signal Setup to 
eXWCLK + tes 30 20 15 ns 
Input Signai Width tow terk teLx terk ns 
Clock (2XWCLK) 
7220D Limits 7220D-1 Limits 7220D-2 Limits Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Clock Rise Time tor 20 20 20 ns 
Clock Fail Time tor 20 20 20 ns 
Clock High Pulse Width ton 105 80 70 ns 
Clock Low Pulse Width te. 105 80 70 ns 
Clock Cycle tex 250 2000 200 2000 180 2000 ns 
DC Characteristics Absolute Maximum Ratings” (Tentative) 
T, = 0°C to 70°C; Veg = SV + 10%; GND = OV | : 
Tar Ambient Temperature under Bias 0°C to 70°C 
s Test ° ° 
Parameter Symboi Min Typ Max Unit Conditions Storage Temperature —65°C to 150°C 
Input Low Voltage Vit ~0.5 0.8 Vv ® Voltage on Any Pin with Respect to Ground —0.5V to +7V 
input High Voltage Vin 2.2 Veo +05 V @ Power Dissipation 1.5 W 
Output Low V Vv 0.45 Vig, = 2.2mA ; ; 
Surat teh Vohere a ~ eer *COMMENT: Exposing the device to stresses above 
meal onleak caren a 0 AV, = OV those listed in Absolute Maximum Ratings could cause 
Input High Leak Current — hy +10 pA Vi =Vec permanent damage. The device is not meant to be 
Output Low Leak Current Io, =10 pA Vo =0V operated under conditions outside the limits described 
Output High Leak Current Io, +10 pA Vo = Voc in the operational sections of this specification. Expo- 
Clock Input Low Voltage Vo. 0.5 0.6 v sure to absolute maximum rating conditions for 
Clock Input High Voltage Ven 3.5 Veo + 1.0 V extended periods may affect device reliability. 
Voc Supply Current lec 270 mA 
Capacitance 
T, = 25°C; V., = GND = OV 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
input Capacitance Cw 10 pF 
VO Capacitance = - Cio 20 pF +4 = 1MHz 
Output Capacitance Cour 20 pF (unmeasured) = OV 
Clock input Capacitance Co 20 pF 
Notes: 


® For 2XWCLK, V,, = —0.5V to +0.6V. 
@ For 2XWCLK, V,, = +3.9V to Voc +1.0V. 
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Timing Waveforms 


. Microprocessor interface Write Timing 


ao: invalid Vaid Invaid Valid 


WR: 


DBO~7: | NE Vali Invalid 


Microprocessor Interface Read Timing 


AQ: Invalid X Valid X invalid XY 
t Pree ted 


: ARI res “ten, 
RD: 


DBO ~ 7: = 
~"* Impedance 


High impedance 


tacr 


Microprocessor Interface DMA Write Timing 


HSYNC 


2xWCLK: 
DREQ: 


nic —, aan =  scecicaons 


WR: 


tw > 
twi (WR ft to HSYNC f ) > tex 
tn (DACK | to HSYNC f ) > tex 


Microprocessor Interface DMA Read Timing 


HSYNC / 


2xWCLK: 
DREQ: _ | Y 
tox teora: tox 
DACK: tie = 
= te , 
RD: i tare fi 
Lor : tax 
} =tnaoz " tor Hi h 
i ng ic 
DBO | 7: Valid 5 , 


High impedance 
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Display Memory Display Cycle Timing 


card se! "t eomnonmiseneccrrieccmnataveecscraientd bane 
Ran - tan 
ALE: 
Fr tvo ml typ 


HSYNC-REF: 
BLANK 

VSYNC 

LcO..3 

CSR 
CSR-IMAGE 
ATT-BLINK-CLC 


Display Memory RMW Timing 


-E1 E2 E3 E4- 


2xWCLK: 


ADO~15: 


OBIN: 


t fag 
© Rin! 


are, ai7: [AX 


te 


ta (ie : . ; 
RL 5 


*| fan F 
ALE: ; 


Timing Waveforms (Cont.) 


Display and RMW Cycles (1x Zoom) 


2xWCLK: 


ALE: 


DBIN: 


ADO-15: 


A16, 17: 


HSYNC: 
BLANK: 
V/EXT SYNC: 


Display 
Cycle 


Display or RMW 
Cycie 


——— D1 02 ———-|~—— E1 nn 


Dr a Be \ | avy QD 


| Output Adress | Output Adarose UN] 


. Output Address 


Output Data 


17 


Bl 


Display and RMW Cycles (2x Zoom) 


aon 


Zoomed Display Zoomed Dispiay 
Cycie Cycle 


2xWCLK: 
ALE: I 
DBIN: 
ADO-15: Output Address 


oie 


' Output Address 


RMW | Display or RMW 
Cycle Cycie 


Te -<—-—— Ef ——> 


{ input Data )—¢ Output Data Output Address 


("qUO9) su0joaemM Bul 


61 


Zoomed Display Operation with RMW Cycle (3x Zoom) 


Zoomed Display 
Cycle 


eet 


2xWCLK: 


ALE: 


DBIN: 


ADO-15: Output Address 


Al6,17: | 


pop 


Output Address 


RMW 
Cycle 


input Data 


( Output Data ) Data 


Display or RMW 
Cycle 


—_ 


Output Address 


("7U09) SuOjoARM Bulwiy 


Timing Waveforms (Cont.) 


Light Pen and External Sync Input Timing | Clock Timing (2XWCLK) 
ten tee 
2xWCLK: ton Ven = 3.9 
; 2xWCLK: ead 
LPEN, | m| ter eter Ve. = 0.6, 
EX. SYNC: 


2.4 2.0 | 2.0 as a 
Miscellaneous: ___XarTestPomt=z XX y"" =o 
0.45 0.8 0.8 Vv, = 0.8 


Video Sync Signals Timing 


fp 9 
axwetk: /\/S\/SV\SV/\ ----§ J \S IVI VNI DIS eS ISN 


HBUANK Jom a ee ee eee ge enn eee ee ae 


oo <> om = =p ap oe 
ao oes wa & 
= = 
wcwe wenn aeawrmwwraonowraoere = 
on ae ee SS a 
-_ mo ow =e a oe oO 


a aes See CASES SNA ATRAORES ADIN 
ei i | a 


VSYNC: | {~~ \ | 
t 
~ 1 V (Frame) $$$ $______—___-~ 


t : 


interlaced Video Timing 


wecane: J] Lf. - il. Bes | ieee | epee | eee |e | a | ome | 


| 
| 


VSYNC: 
(No interlace 
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Timing Waveforms (Cont.) 


Video Horizontal Sync Generator Parameters 


HBLANK: 


HSYNC: 


nd HFP ! - ee | Senne ee eee eee C/R ——__________+ 


VBLANK: 
| | | | - 
| | 
| | | | | 
VSYNC: | | | 
] | | 1 | | 
| l | ty | 
{ | VFP = | I 
+ VBP Sar na encechenineteietil l VBP = 
{ 
——+| vs 
| 
Cursor — Image Bit Flag 
—e — tok 
2x CCLK Suu 


HSYNC mc ae 
<< — 


CRS-image Invalid Cursor 
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Video Field Timing 


Horizontal 
SYNC 


Pulse 


Horizontal 
Back Porch 


Bianking Ei . 


Drawing Intervals 


DMA Request Intervals 


I ee Ce 
re re ee ee 
TH py 


N Vertical Back Porch Bianked Lines 


Yt}; 


Front Porch - 
Blanking 


Vertical Front Porch Blanked Lines i 


MK 


>» >>> >>>>>>>—~~w~—Y 


Sy. 
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VSYNC Output 


LAN 


Z 


Drawing interval 


| Additional ita interval When 
in Flash Mod 


weceee Dynamic RAM Refresh if Enabled, Otherwise 
R55 Additional Drawing interval 


N DMA Request Interval 


4 Additional DMA oe Intervals 
(iiZ4, When in Flash Mod 


Block Diagram of a Graphics Terminal 


Ce en a re En Te ee ee ee eee mass | 
ALE | 
Dispiay | 
Memory 
| 
p»PO7220 
Video | 
ADDR Data Shift 
Register | 
| 
Character 
TD Generator | 
ROM 
| 
| 
FHSYNG piper CRT 
VSYNC Circuit Display 
Ug int Pen 
Circuit 


Video 


0to 15 


Character 
Video 
Output 


NV. KE C | One Natick Executive Park 
Natick, Massachusetts 01760 


NEC Electronics U.S.A. Inc. - TEL 617-655-8833 
Microcomputer Division TWX 710-386-2110 


Package Outline 
»PD7220D (Ceramic) 


Z Ceramic 
= L mea item Millimeters inches 


ome A 51.5 Max : 2.03 Max 
M 8 1.62 Max 0.06 Max 
cipal eds c 2.54 + 0.1 0.1 + 0.004 
D 0.5 + 0.1 0.02 + 0.004 
E 48.26 + 0.1 1.9 + 0.004 
F 1.02 Min 0.04 Min 
G 3.2 Min 0.13 Min 
#. 1.0 Min 0.04 Min 
a ai 3S8Max © "0.14 Max 
ae —45Max a 0.18 Max 
K 15.24 Typ 0.6 Typ 
L 14.93 Typ 0.59 Typ 
M 0.25 + 0.05 0.01 + 0.0019 


The information in this document is subject to change without notice. NEC Electronics U.S.A. inc. makes no warranty of any kind with regard to this 
material, including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. NEC Electronics U.S.A. Inc. 
assumes no responsibility for any errors that may appear in this document. NEC Electronics U.S.A. inc. makes no commitment to update nor to 
keep current the information contained in this document. 


No part of this document may be copied or reproduced in any form or by any means without the prior written consent of NEC Electronics U.S.A. Inc. 


1982 NEC Electronics U.S.A. Inc. 
Printed in U.S.A. 
7220DS-REV3-12-82 -10K/21K 
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CRT CONTROLLER (CRTC) 


The MC6845 CRT controller performs the interface between an MPU 
and a raster-scan CRT display. It is intended for use in MPU-based con- 
trollers for CRT terminals in stand-alone or cluster configurations. 

The CRTC is optimized for the hardware/software balance required 
for maximum flexibility. All keyboard functions, reads, writes, Cursor 
movements, and editing are under processor control. The CRTC pro- 
vides video timing and refresh memory addressing. 

@ Useful in Monochrome or Color CRT Applications 

@ Applications Include ‘Glass-Teletype,’” Smart, Programmable, Intel- 
ligent CRT Terminals; Video Games; Information Displays 

@ Alphanumeric, Semi-Graphic, and Full-Graphic Capability 

@ Fully Programmable Via Processor Data Bus. Timing May Be Gen- 
erated for Almost Any Alphanumeric Screen Format, e.g., 80 x 24, 
72x 64, 132 x 20 
Single +5 V Supply 
M6800 Compatible Bus Interface 
TTL-Compatible Inputs and Outputs 
Start Address Register Provides Hardware Scroll (by Page or 
Character) 
Programmable Cursor Register Allows Control of Cursor Format 
and Blink Rate 
Light Pen Register 
Refresh (Screen) Memory May be auipiexed Between the CRTC 
and the MPU Thus Removing the Requirements for Line Buffers or 
External DMA Devices 
Programmable Interlace or Non-Interlace Scan Modes 
14-Bit Refresh Address Allows Up to 16K of Refresh Memory for 
Use in Character or Semi-Graphic Displays 
5-Bit Row Address Allows Up to 32 Scan-Line Character Blocks 
By Utilizing Both the Refresh Addresses and the Row Addresses, 
a 512K Address Space is Available for Use in Graphics Systems 
Refresh Addresses are Provided During Retrace, Allowing the CRTC 
to Provide Row Addresses to Refresh Dynamic RAMs 
Pin Compatible with the MC6835 


ORDERING INFORMATION 


: 
ae sy 
Mee ORS 


Ceramic 
L Suffix 


Cerdip 
S Suffix 


Plastic 
P Suffix 


0°C to 70°C 
— 40°C to 85°C 
O°C to 70°C 
~ 40°C to 85°C 
0°C to 70°C 
0°C to 70°C 
- 40°C to 85°C 
0°C to 70°C 
— 40°C to 85°C 
O0°C to 70°C 
O°C to 70°C 
— 40°C to 85°C 
O°C to 70°C 
— 40°C to 85°C 
O°C to 70°C 


MC6845L 
MC6845CL 
MC68A45L 
MC68A45CL 
MC68B45L 


MC6845S 
MC6845CS 
MC68A45S 
MC68A45CS 
MC68B45S 


MC6845P 
MC6845CP 
MC68A45P 
MC68A45CP 
MC68B45P 


©MOTOROLAINC., 1984 


mLGes? 


(N-CHANNEL, SILICON-GATE) 


CRT CONTROLLER 
(CRTC) 


: L SUFFIX 
| CERAMIC PACKAGE 
CASE 715 


S SUFFIX 
CERDIP PACKAGE 
CASE 734 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


PIN ASSIGNMENT 


CURSORY!19 


0S9838-R1 


FIGURE 1 — TYPICAL CRT CONTROLLER APPLICATION 


High Speed CLK 


Light 


Pen 
Circuit 


Row Addresses 


HS VS 


MAXIMUM RATINGS 


Uni 
Suna Voltage _ deuce) ~0.3 to +7.0 | Vv | 
Input Voltage a ae 0. 3 to +7.0 


Operating Temperature Range 
MC6845, MC68A45, MC68B45 
MC6845C, MC68A45C 


Storage Temperature Range 


| Thermal Resistance 
Plastic Package 
Cerdip Package 
Ceramic Package 


RECOMMENDED OPERATING CONDITIONS 
Characteristics 
Supply Voltage 
Input Low Voltage 
Input High Voltage 


>AB 


>DOB Primary Bus 


8 
3-State 
Buffer 
Cursor, 
Display 
Enable 


Shift Video 
Register Output 


The device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vjn and Voyt be con- 
Strained to the range Vsss(Vjn_ or 


Vout) = VCC. 


[Symbol] Min [Tye | Max [Unt 
Cvee [ar sol sz] v | 


“vu os] - [os Pv 
ome Vec | 
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MOTOROLA Semiconductor Products Inc. 


POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can be obtained from: 
Ty=TA+(Pp*6JA) (1) 
Where: | 
TA = Ambient Temperature, °C 
6 jA= Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp =PINT + PPORT 
PINT=Icc x Vcc, Watts — Chip Internal Power 
PporT = Port Power Dissipation, Watts — User Determined 


For most applications PPoRT<PjNT and can be neglected. PpORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and T j lif PpORT is neglected) is: 


Pp =K+(Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K =Ppe(T a + 273°C) + 0s aePp? (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Tj. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vde + 5%, Vgs=0, Ta =0 to 70°C unless otherwise noted, see Figures 2-4) 


[SSCS aracreretic SSS «Symbol | Min [Typ | Max | Unit 
[input High Vonage SCSC—~—SCSSSSSCSSdSC 20 | = Pec |v 
fInputtow Voltage = 0.3 | = | 08 | 
[Input Leakage Curent tin St 25 | AY 

Hi-Z State Input Current (VCC =5.25 V} (Vin =0.4 to 2.4 V) | tts, | -10] - [10 | pA | 


Output High Voltage 
(IL oad = — 205 pA) DO-D7 | VoOH 2.4 | 3.0 
(It oad = — 100 pA) Other Outputs 2.4 |} 3.0 


[Surput Low Vorage Wigag= tO mA OCOC~C~“SC~“—sS~—~—CS*sSsS Vn | fos foe VT 
intemal Power Dissipation (Wessured at TA=O%C) SSS it | =f 00 780 


Input Capacitance D0-D7 C: 12.5 c 
All Others in 10 | P 


[Ouwput Copactence SSCS AN wtwts [Coe | = |= | 10 Dr 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) (Reference Figures 2 and 3) 


ident. MC6845 
as naa 


Tt feeetimeSSC™C™~™CSCOCCCTCCSCSCSCSC*dSCteye | 4.0 to *P0.67 | 10 Pos [tO] ps 
2 ESS 
[3 [Puise wath, High SCSC~C~—C~—~C~CSCS*dC ee fas = | aw | — [DO Ls 
[4 [Cock ise andFatine ———SSC~—~—~—CS*—C—*—‘—CSsCSC~—‘i te | | | - | BY] — | | 
SE Lh, Ace B.C A REA He ACM Es 
[1 — [RS Setup Time Before € SSS tag 8 pas 
ee MOE CP oA TS ENR A MAE HC 
[16 [R/Wand CSHold Time SSSSCSCSCSC*dCtc =~ 10 | — | 10 | — | 10 | — | os 
[18 [Read BataHoid Tine SSCS tn | 20 | BOP] 2 | BOP | BO | BP | ns | 
[at | Wiite Date Hold Time ——SOSC—SCSCSCS tw TO PO | OY — | oe 
[30 | Peripheral Output Data OaayTime————S—~d torn | - |] — | wo] 0 | 0 | asl 
[at [Peripheral input Data Setup Tme | sw [ist -| | - |] - [ns 


*The data bus output buffers are no longer sourcing or sinking current by tpHR Maximum (high impedance). 
** The E clock may be low for extended periods provided the CLK input is active. 


FIGURE 2 — MC6845 BUS TIMING 


pS OOK KKK a ee KXX 


Read Data 


Write Data 


NOTES: 


—* | | __MPU Read Data 


MPU Write Data 


1. Voltage levels shown are V; $0.4 V, V}yj=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 


FIGURE 3 — BUS TIMING TEST LOAD 
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CRTC TIMING CHARACTERISTICS (Reference Figures 4 and 5) 


a Se 
[Minimum Gock Pulse Widths tow SSS Pe 18 = 
[Minimum Glock Pulse Width, High OSS SP 15] Ys 
Clock Frequency | fof = | 3.0 [MHz] 
[Rise and Fall Time for Cockinpot SSCS we P| 20s 
[Memory Adaress Delay Time SSCSCSCSCSSSSOSSCSCSCSCSCSCSCSCSCSCSCSCSCS*dtwwt | 160s 
[Raster Address Delay Time SOSCSCSCSCSCSC‘“‘C~CSCS*S RD | 180s 
[Display Timing Delay Time SCS; tT] =) 280s | 
[Honwontal Sync Delay Time SSCS] | 280 vs 
LU aan emmerueniiies E08 sr 3 TE 


Cursor Display Timing Delay Time | tcop | — | 250 | ns | 
Light Pen Strobe Minimum Pulse Width PWipH | 80 | — | ns | 


Light Pen Strobe Disable Time tLPD1 


Pura [= [10 Pas 


NOTE: The light pen strobe must fall to low level before VS pulse rises. 


FIGURE 4 — CRTC TIMING CHART 


CLK 
tMAD (MAD 
(RAD 

DE 
tOTD 

HS 
THSD 
VS : 
tVSD 

CURSOR 
'CDD 'CDD 


es 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts unless otherwise noted. 
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FIGURE 5 — CRTC-CLK, MA0-MA13, AND LPSTB TIMING DIAGRAM 
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NOTE: Timing measurements are referenced to and 
from a low voltage of 0.8 volts and a high 
voltage of 2.0 volts, unless otherwise noted. 


tLPD2 


PWLPH 


tLPD1 


When the CRTC detects the rising edge of LPSTB in 
this period, the CRTC sets the Refresh Memory Ad- 
dress ‘M+ 2’ into the LIGHT PEN REGISTER. 


tLPD1, tLPD2: Period of uncertainty for the Refresh 
Memory Address. ~ 


CRTC INTERFACE SYSTEM DESCRIPTION 


The CRT controller generates the signals necessary to In- 
terface a digital system to a raster scan CRT display. In this 
type of display, an electron beam starts in the upper left 
hand corner, moves quickly across the screen and returns. 
This action is called a horizontal scan. After each horizontal 
scan the beam is incrementally moved down in the vertical 
direction until it has reached the bottom. At this point one 
frame has been displayed, as the beam has made many 
horizontal scans and one vertical scan. 

Two types of raster scanning are used in CRTs, interlace 
and non-interlace, shown in Figures 6 and 7. Non-interlace 
scanning consists of one field per frame. The scan lines in 


Figure 6 are shown as solid lines and the retrace patterns are: 


indicated by the dotted lines. Increasing the number of 
frames per second will decrease the flicker. Ordinarily, either 
a 50 or 60 frame per second refresh rate is used to minimize 
beating between the CRT and the power line frequency. This 
prevents the displayed data from weaving. 


FIGURE 6 — RASTER SCAN SYSTEM (NON-INTERLACE) 
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Interlace scanning is used in broadcast TV and on data 
monitors where high density or high resolution data must be 
displayed. Two fields, or vertical scans are made down the 
screen for each single picture or frame. The first field (even 
field) starts in the upper left hand corner; the second (odd 
field) in the upper center. Both fields overlap as shown in 
Figure 7, thus interlacing the two fields into a single frame. 

In order to display the characters on the CRT screen the 
frames must be continually repeated. The data to be 
displayed is stored in the refresh (screen) memory by the 
MPU controlling the data processing system. The data is 
usually written in ASCII code, so it cannot be directly 
displayed as characters. A character generator ROM is 
typically used to convert the ASCII codes into the “dot” pat- 
tern for every character. 

The most common method of generating characters is to 
create a matrix of dots ‘’x’’ dots (columns) wide and ’‘y”’ dots 
(rows) high. Each character is created by selectively filling in 


FIGURE 7 — RASTER SCAN SYSTEM (INTERLACE) 
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the dots. As ‘’x”’ and “‘y’”’ get larger a more detailed character 
may be created. Two common dot matrices are 5x7 and 
7x¥Y. Many variations of these standards will allow Chinese, 
Japanese, or Arabic letters instead of English. Since 
characters require some space between them, a character 
block larger than the character is typically used, as shown in 
Figure 8. The figure also shows the corresponding timing 
and levels for a video signal that would generate the 
characters. 


Referring to Figure 1, the CRT controller generates the 
refresh addresses (MAO-MA13), row addresses (RAO-RA4), 
and the video timing (vertical sync — VS, horizontal sync — 
HS, and display enable — DE). Other functions include an 
internal cursor register which generates a Cursor output 
when its contents Compare to the current refresh address. A 
light pen strobe input signal allows capture of the refresh ad- 
dress in an internal light pen register. 


All timing in the CRTC is derived from the CLK input. In 
alphanumeric terminals, this signal is the character rate. The 
video rate or ‘‘dot’’ clock is externally divided by high-speed 
logic (TTL) to generate the CLK input. The high-speed logic 
must also generate the timing and control signals necessary 
for the shift register, latch, and MUX control. 
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The processor communicates with the CRTC through an 
8-bit data bus by reading or writing into the 19 registers. 

The refresh memory address is multiplexed between the 
processor and the CRTC. Data appears on a secondary bus 
separate from the processor's bus. The secondary data bus 
concept in no way precludes using the refresh RAM for other 
purposes. It looks like any other RAM to the processor. A 
number of approaches are possible for solving contentions 
for the refresh memory: 


1. Processor always gets priority. (Generally, ‘‘hash’’ oc- 
curs as MPU and CRITIC clocks are not synchronized.) 


2. Processor gets priority access anytime, but can be 
synchronized by an interrupt to perform accesses only 
during horizontal and vertical retrace times. 


3. Synchronize the processor with memory wait cycles 
(states). 


4. Synchronize the processor to the character rate as 
shown in Figure 9. The M6800 processor family works 
works very well in this configuration as constant cycle 
lengths are present. This method provides no 
overhead for the processor as there is never a conten- 
tion for a memory access. All accesses are 
transparent. 


FIGURE 8 — CHARACTER DISPLAY ON THE SCREEN AND VIDEO SIGNAL 
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FIGURE 9 — TRANSPARENT REFRESH MEMORY © 
CONFIGURATION TIMING USING M6800 FAMILY MPU 
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Where: m, n are integers; tc is character period 


PIN DESCRIPTION 


PROCESSOR INTERFACE 


The CRTC interfaces to a processor bus on the bidirec- 
tional data bus (D0-D7) using CS, RS, E, and R/W for con- 
trol signals. 


Data Bus (D0-D7) — The bidirectional data lines (DO-D7) 
allow data transfers between the internal CRTC register file 
and the processor. Data bus output drivers are in the high- 
impedance state until the processor performs a CRTC read 
operation. 


Enable (E) — The enable signal is a high-impedance 
TTL/MOS compatible input which enables the data bus in- 
put/output buffers and clocks data to and from the CRTC. 
This signal is usually derived from the processor clock. The 
high-to-low transition is the active edge. 


Chip Select (CS) — The CS line is a high-impedance 
TTL/MOS compatible input which selects the CRTC, when 
low, to read or write to the internal register file. This signal 
should only be active when there is a valid stable address be- 
ing decoded from the processor. 


Register Select (RS) — The RS line is a high-impedance 
TTL/MOS compatible input which selects either the address 
register (RS =0) or one of the data register (RS =1) or the 
internal register file. 


Read/Write (R/W) — The R/W line is a high-impedance 
TTL/MOS compatible input which determines whether the 
internal register file gets written or read. A write is defined as 
a low level. 


CRT CONTROL 


The CRTC provides horizontal sync (HS), vertical sync 
(VS), and display enable (DE) signals. 


NOTE 


Care should be exercised when interfacing to CRT 
monitors, aS many monitors claiming to be “TTL com- 
patible’ have transistor input circuits which require 
the CRTC or TTL devices buffering signals from the 
CRTC/video circuits to exceed the maximum-rated 
drive currents. 


Vertical Sync (VS) and Horizontal Sync (HS) — These 
TTL-compatible outputs are active high signals which drive 
the monitor directly or are fed to the video processing cir- 
cuitry to generate a composite video signal. The VS signal 
determines the vertical position of the displayed text while 
the HS signal determines the horizontal position of the 
displayed text. 


Display Enable (DE) — This TTL-compatible output is an 
active high signal which indicates the CRTC is providing ad- 
dressing in the active display area. 


REFRESH MEMORY/CHARACTER GENERATOR 
ADDRESSING 


The CRTC provides memory addresses (MAQ-MA13) to 
scan the refresh RAM. Row addresses (RAO-RA4) are also 
provided for use with character generator ROMs. In a 
graphics system, both the memory addresses and the row 
addresses would be used to scan the refresh RAM. Both the 
memory addresses and the row addresses continue to run 
during vertical retrace thus allowing the CRTC to provide the 
refresh addresses required to refresh dynamic RAMs. 


Refresh Memory Addresses (MA0-MA13) — These 14 cut- 
puts are used to refresh the CRT screen with pages of data 
located within a 16K block of refresh memory. These outputs 
are capable of driving one standard TTL load and 30 pF. 


Row Addresses (RAO-RA4) — These five outputs from the 
internal row address counter are used to address the 
character generator ROM. These outputs are capable of driv- 
ing one standard TTL load and 30 pF. 


OTHER PINS 


Cursor — This TTL-compatible output indicates a valid 
cursor address to external video processing logic. It is an ac- 


tive high signal. 


Clock (CLK) — The CLK is a TTL/MOS-compatible input 
used to synchronize all CRT functions except for the pro- 
cessor interface. An external dot counter is used to derive 
this signal which is usually the character rate in an 
alphanumeric CRT. The active transition is high-to-low. 
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Light Pen Strobe (LPSTB) — A low-to-high transition on 
this high-impedance TTL/MOS-compatible input latches the 
current Refresh Address in the light pen register. The latch- 
ing of the refresh address is internally synchronized to the 
character clock (CLK). 


Vcc and Vss — These inputs supply +5 Vdc +5% to 
the CRTC. 


RESET — The RESET input is used to reset the CRTC. A 
low level on the RESET input forces the CRTC into the 
following state: 


(a) All counters in the CRTC are cleared and ‘the device 
Stops the display operation. 


(b) All the outputs are driven low. 


NOTE 


The horizontal sync output is not defined until after 
R2 is programmed. 


(c) The control registers of the CRTC are not affected and 
remain unchanged. 
Functionality of RESET differs from that of other M6800 
parts in the following functions: 


(a) The RESET input and the LPSTB input are encoded as 
shown in Table 1. 


TABLE 1 — CRTC OPERATING MODE 


RESET — Operating Mode 


Reset 
Test Mode 
Normal Mode 


Normal Mode 


The test mode configures the memory ad- 
dresses as two independent 7-bit counters to 
minimize test time. 


(b) After RESET has gone low and (LPSTB=0), MAO- 
MA13 and RAO-RA4 will be driven low on the falling 
edge of CLK. RESET must remain low for at least one 
cycle of the character clock (CLK). 


(c) The CRTC resumes the display operation immediately 
after the release of RESET. DE and the CURSOR are 
not active until after the first frame has been displayed. 


CRTC DESCRIPTION 


The CRTC consists of programmable horizontal and ver- 
tical timing generators, programmable linear address 
register, programmable cursor logic, light pen capture 
register, and control circuitry for interface to a processor 
bus. A block diagram of the CRTC is shown in Figure 10. 

All CRTC timing is derived from the CLK, usually the out- 
put of an external dot rate counter. Coincidence (CQ) cir- 
cuits continuously Compare counter contents to the con- 
tents of the programmable register file, RO-R17. For horizon- 
tal timing generation, comparisons result in: 1) horizontal 
sync pulse (HS) of a frequency, position, and width deter- 
mined by the registers; 2) horizontal display signal of a fre- 
quency, position, and duration determined by the registers. 

The horizontal counter produces H clock which drives the 
scan line counter and vertical control. The contents of the 
raster counter are continuously compared to the maximum 
scan line address register. A coincidence resets the raster 
counter and clocks the vertical counter. 

Comparisons of vertical counter contents and vertical 
registers result in: 1) vertical sync pulse (VS) of a frequency 
and position determined by the registers; 2) vertical display 
of a frequency and position determined by the registers. 

The vertical control logic has other functions. 


1. Generate row selects, RAO-RA4, from the raster count 
for the corresponding interlace or non-interlace 
modes. 

2. Extend the number of scan lines in the vertical total by 
the amount programmed in the vertical total adjust 
register. 


The linear address generator is driven by the CLK and 
locates the relative positions of characters in memory with 
their positions on the screen. Fourteen lines, MAQ-MA13, 
are available for addressing up to four pages of 4K 
characters, eight pages of 2K characters, etc. Using the start 
address register, hardware scrolling through 16K characters 
is possible. The linear address generator repeats the same se- 
quence of addresses for each scan line of a character row. 

The cursor logic determines the cursor location, size, and 
blink rate on the screen. All are programmable. 

The light pen strobe going high causes the current con- 
tents of the address counter to be latched in the light pen 
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register. The contents of the light pen register are subse- 
quently read by the processor. 

Internal CRTC registers are programmed by the processor 
through the data bus, DO-D7, and the control signals — 
R/W, CS, RS, and Z 


REGISTER FILE DESCRIPTIONS 


The nineteen registers of the CRTC may be accessed 
through the data bus. Only two memory locations are re- 
quired as one location is used as a pointer to address one of 
the remaining eighteen registers. These eighteen registers 
control horizontal timing, vertical timing, interlace operation, 
row address operation, and define the cursor, cursor ad- 
dress, start address, and light pen register. The register ad- 
dresses and sizes are shown in Table 2. 


ADDRESS REGISTER 


The address register is a 5-bit write-only register used as 
an “‘indirect’’or ‘’pointer’”’ register. It contains the address of 
one of the other eighteen registers. When both RS and CS 
are low, the address register is selected. When CS is low and 
RS is high, the register pointed to by the address register is 
selected. 


TIMING REGISTERS RO-R9 


Figure 11 shows the visible display area of a typical CRT 
monitor giving the point of reference for horizontal registers 
as the left-most displayed character position. Horizontal 
registers are programmed in character clock time units with 
respect to the reference as shown in Figure 12. The point of 
reference for the vertical registers is the top character posi- 
tion displayed. Vertical registers are programmed in scan line 
times with respect to the reference as shown in Figure 13. 


Horizontal Total Register (RO) — This 8-bit write-only 
register determines the horizontal sync (HS) frequency by 
defining the HS period in character times. It is the total of the 
displayed characters plus the non-displayed character times 
(retrace) minus one. 
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NOTES: 
1. The interlace is shown in Table 3. 
2. Bit 5 of the cursor start raster register is used for blink period control, and bit 6 is used to select blink or no-blink. 


FIGURE 11 — ILLUSTRATION OF THE CRT SCREEN FORMAT 
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Horizontal Displayed Register (R1) — This 8-bit write-only 


register determines the number of displayed characters per 
line. Any 8-bit number may be programmed as long as the 
contents of RO are greater than the contents of R1. 


Horizontal Sync Position Register (R2) — This 8-bit write- 
only register controls the HS position. The horizontal sync 
position defines the horizontal sync delay (front porch) and 
the horizontal scan delay (back porch). When the program- 
med value of this register is increased, the display on the 
CRT screen is shifted to the left. When the programmed 
value is decreased the display is shifted to the right. Any 
8-bit number may be programmed as long as the sum of the 
contents of R2 and R3 are less than the contents of RO. R2 
must be greater than R1. 


Sync Width Register (R3) — This 8-bit write-only register 
determines the width of the horizontal sync (HS) pulse. The 
vertical sync pulse width is fixed at 16 scan-line times. 

The HS pulse width may be programmed from 1-to-15 
character clock periods thus allowing compatibility with the 
HS pulse width specifications of many different monitors. If 
zero is written into this register then no HS is provided. 


Horizontal Timing Summary (Figure 12) — The difference 
between RO and R11 is the horizontal blanking interval. This 
interval in the horizontal scan period allows the beam to 
return (retrace) to the left side of the screen. The retrace time 
is determined by the monitor’s horizontal scan components. 
Retrace time is less than the horizontal blanking interval. A 
good rule of thumb is to make the horizontal blanking about 
20% of the total horizontal scanning period for a CRT. In in- 
expensive TV receivers, the beam overscans the display 
screen so that aging of parts does not result in underscan- 
ning. Because of this, the retrace time should be about one 
third the horizontal scanning period. The horizontal sync 
delay, HS pulse width, and horizontal scan delay are typically 
programmed with a 1:2:2 ratio. 


Vertical Total Register (R4) and Vertical Total Adjust 
Register (R5) — The frequency of VS is determined by both 
R4 and R5. The calculated number of character row times is 
usually an integer plus a fraction to get exactly a 50 or 60 Hz 
vertical refresh rate. The integer number of character row 
times minus one is programmed in the 7-bit write-only ver- 
tical total register (R4). The fraction of character line times is 
programmed in the 5-bit write-only vertical total adjust 
register (R5) as the number of scan lines required. 


Vertical Displayed Register (R6) — This 7-bit write-only 
register specifies the number of displayed character rows on 
the CRT screen, and is programmed in character row times. 
Any number smaller than the contents of R4 may be pro- 
grammed into R6. 


Vertical Sync Position (R7) — This 7-bit write-only register 
controls the position of vertical sync with respect to the 
reference. It is programmed in character row times. When 
the programmed value of this register is increased, the 
display position of the CRT screen is shifted up. When the 
programmed value is decreased the display position is 
shifted down. Any number equal to or less than the vertical 
total (R4) and greater than or equal to the vertical displayed 
(R6) may be used. 
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interlace Mode and Skew Register (R8) — The MC6845 
only allows control of the interlace modes as programmed by 
the low order two bits of this write-only register. Table 3 
shows the interlace modes available to the user. These 
modes are selected using the two low order bits of this 6-bit 
write-only register. 


TABLE 3 — INTERLACE MODE REGISTER 


Interlace Sync Mode 
interlace Sync and Video Mode 


In the normal sync mode (non-interlace) only one field is 


available as shown in Figures 6 and 14a. Each scan line is 


refreshed at the VS frequency (e.g., 50 or 60 Hz). 

Two interlace modes are available as shown in Figures 7, 
14b, and 14c. The frame time is divided between even and 
odd alternating fields. The horizontal and vertical timing rela- 
tionship (VS delayed by one half scan line time) results in the 


displacement of scan lines in the odd field with respect to the 
even field. 


In the interlace sync mode the same information is painted — 
in both fields as shown in Figure 14b. This is a useful mode 
for filling in a character to enhance readability. 

In the interlace sync and video mode, shown in Figure 14c, 
alternating lines of the character are displayed in the even 
field and the odd field. This effectively doubles the given 
bandwidth of the CRT monitor. 

Care must be taken when using either interlace mode to 
avoid an apparent flicker effect. This flicker effect is due to 
the doubling of the refresh time for all scan lines since each 
field is displayed alternately and may be minimized with pro- 
per monitor design (e.g., longer persistence phosphors). 

In addition, there are restrictions on the programming of 
the CRTC registers for interlace operation: 


1. The horizontal total register value, RO, must be odd 
(i.e@., an even number of character times). 

2. For interlace sync and video mode only, the maximum 
scan-line address, R9, must be odd (i.e., an even 
number of scan lines). 

3. For interlace sync and video mode only, the number 
(Nvd) programmed into the vertical display register (R6) 
must be one half the actual number required. The even 
numbered scan lines are displayed in the even field and 
the odd numbered scan lines are displayed in the odd 
field. 

4. For interlace sync and video mode only, the cursor start 
register (R10) and cursor end register (R11) must both 
be even or both odd depending on which field the cur- 
sor iS to be displayed in. A full block cursor will be 
displayed in both the even and the odd field when the 
Cursor end register (R11) is programmed to a value 
greater than the value in the maximum scan line address 
register (RQ). 
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FIGURE 12 — CRTC HORIZONTAL TIMING 
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* Timing is shown for first displayed scan row only. See chart in Figure 15 for other rows. The initial MA is determined by the contents of start 
address register, R12/R13. Timing is shown for R12/R13=0. 


NOTE: Timing values are described in Table 5. 


Ww) 


vl 


‘Dui SJONPOsd 4AOJONPUOIIWIIS yy" IJOHO.LOM 


FIGURE 13 — CRTC VERTICAL TIMING 
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Scan Line Address 


INTERLACE CONTROL 
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(a) Normal Sync 


Maximum Scan Line Address Register (R9) — This 5-bit 
write-only register determines the number of scan lines per 
Character row including the spacing; thus, Controlling opera- 
tion of the row address counter. The programmed value is a 
maximum address and is one less than the number of scan 
lines. 


CURSOR CONTROL 


Cursor Start Register (R10) and Cursor End Reigster 
(R11) — These registers allow a cursor of up to 32 scan lines 
in height to be placed on any scan line of the character block 
as shown in Figure 15. R10 is a 7-bit write-only register used 
to define the start scan line and the cursor blink rate. Bits 5 
and 6 of the cursor start address register control the cursor 
operation as shown in Table 4. Non-display, display, and two 
blink modes (16 times or 32 times the field period) are 
available. R11 is a 5-bit write-only register which defines the 
last scan line of the cursor. 


TABLE 4 — CURSOR START REGISTER 
0 0 Non-Blink 
0 ] 
1 0 Blink, 1/16 Field Rate 
1 1 Blink, 1/32 Field Rate 


Cursor Non-Display 
Example of cursor display mode 


When an external blink feature on characters is required, it 
may be necessary to perform cursor blink externally so that 
both blink rates are synchronized. Note that an invert/non- 
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(b) Interlace Sync 
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(c) Interlace Sync and Video | 


invert cursor is easily implemented by programming the 
CRTC for a blinking cursor and externally inverting the video 
signal with an exclusive-OR gate. 


Cursor Register (R14-H, R15-L) — This 14-bit read/write 
register pair is programmed to position the cursor anywhere 
in the refresh RAM area; thus, allowing hardware paging and 
scrolling through memory without loss of the original cursor 
position. It consists of an 8-bit low order (MAQ-MA/7) register 
and a 6-bit high order (MA8-MA13) register. 


OTHER REGISTERS 


Start Address Register (R12-H, R13-L) — This 14-bit 
write-only register pair Controls the first address output by 
the CRTC after vertical blanking. It consists of an 8-bit low 
order (MAO-MA/7) register and a 6-bit high order (MA8- 
MA13) register. The start address register determines which 
portion of the refresh RAM is displayed on the CRT screen. 
Hardware scrolling by character or page may be accom- 
plished by modifying the contents of this register. 


Light Pen Register (R16-H, R17-L) — This 14-bit read-only 
register pair captures the refresh address output by the 
CRTC on the positive edge of a pulse input to the LPSTB 
pin. It consists of an 8-bit low order (MAO-MA/7) register and 
a 6-bit high order (MA8-MA13) register. Since the light pen 
pulse is asynchronous with respect to refresh address timing 
an internal synchronizer is designed into the CRTC. Due to 
delays (Figure 5) in this circuit, the value of R16 and R17 will 
need to be corrected in software. Figure 16 shows an inter- 
rupt driven approach although a polling routine could be 
used. 


FIGURE 15 — CURSOR CONTROL 
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FIGURE 16 — INTERFACING OF LIGHT PEN © 
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OPERATION OF THE CRTC 


TIMING CHART OF THE CRT INTERFACE SIGNALS 


Timing charts of CRT interface signals are illustrated in 
this section. When values listed in Table 5 are programmed 
into CRTC contral registers, the device provides the outputs 
as shown in the timing diagrams (Figures 12, 13, 17, and 18). 
The screen format is shown in Figure 11 which illustrates the 
relation between refresh memory address (MAO-MA13), 
raster address (RAO-RA4), and the position on the screen. In 
this example, the start address is assumed to be zero. 


TABLE 5 — VALUES PROGRAMMED INTO CRTC REGISTERS 


Programmed 
RO | Nit 


. Total 
R1 . Displayed 


Nhd 


. Sync Position 

. Syne Width 
Total 

. Scan Line Adjust 
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. Displayed 

V. Sync Position 
Interlace Mode 
Max. Scan Line Address | 
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FIGURE 17 — CURSOR TIMING 
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* Timing is shown for non-interlace and interlace sync modes. 
Example shown has cursor programmed as: 
Cursor Register = Nyg + 2 
Cursor Start= 1 
Cursor End=3 
* * The initial MA is determined by the contents of start address register, R12/R13. Timing is shown for R12/R13=0. 


NOTE 1: Timing values are described in Table 5. 
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FIGURE 18 — REFRESH MEMORY ADDRESSING (MA0-MA13) STAGE CHART 
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NOTE 1: The initial MA is determined by the contents of start address register, R12/R13. Timing is shown for R12/R13=0. Only non- 
interlace and interlace sync modes are shown. 


DETERMINING REGISTER CONTENTS 
Some of the register contents are determined rather easily. 


They are: 

Register Name 
R8 interlace Mode Register 
R10 Cursor Start 
Ril Cursor End 
R12 Start Address (H) 
R13 Start Address (L) 
R14 Cursor (H) 

Ri5 Cursor (L) 
R16 Light Pen (H) 
R17 Light Pen (L) 


Register Function 


RO ~=Horizontal Total 

R1 Horizontal Displayed 

R2 ~~ Horizontal Sync Position 
R3 ~— Horizontal Sync Width 
R4 ~~ Vertical Total 

R5 ~=—Vertical Total Adjust 

R6 ~=«~-Vertical Displayed 

R7 ~=Vertical Sync Position 
R8 ~—s Interlace Mode 

RQ Maximum Scan Line Address 
R10 Cursor Start 

R11 Cursor End 

R12 Start Address (H) 

R13 Start Address (L) 

R14 Cursor (H) 

R15 Cursor (L) 

R16 Light Pen (H). 

R17 Light Pen (L) 


See Table 3 


See Figure 15 and 
Table 4 
See Figure 15 


User programs first 


The remaining register contents must be determined from 


some basic data related to the CRT monitor and from the 


user-desired display format. The CRTC reference sheet (see 
Figure 19) gives a set of formulas for calculating the register 


Contents 


memory location 
to be displayed 
User programs desired 
cursor location 
Can be loaded via 
light-pen strobe 


only 


Symbol 
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vr 
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FIGURE 19 — CRTC REFERENCE SHEET 


Intermediate Calculations 


Description Calculation 
Dot frequency B5°(B7 + Bo) 
(1st approx.) (1/B4)-—B3 
Character Time j 
((RO) + 1]°By 
Dot frequency B7+ Bo 
te 
Scan line time [(RO) + tet, 
Total # of 1 
scan lines B2°to| 
Integer n =N+ R 
Be+B Bg+B 
pee 8t 510 8+ 510 
Integer remainder 
Character (Bg + B1Q¢)* te 
row time 
Horizontal <= [(RO)+1— Bsje(B7 + Bo) 
retrace time f 
Vertical = Bl — Be(Bg+ Bi¢)ets; 


retrace time B2 
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Register 


RO 


Ri 


R2 


R3 


R4 


R5 


R6 


R7 


R9 
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contents as well as other useful characteristics of the 
display. This type of data is summarized under basic 
parameters in Figures 20 and 21; most or all of this data must 
be supplied by the user before he can determine the contents 
for registers RO-R7 and RQ. All variables B}-B109 are equal to 
basic parameters 1 through 10. 


Register Calculations 


Calculation 


f’ 
Bye(By+ Bo) | 


Bs 


(R1)+ (R3) 
2 


(RO) —(R1) 
3 


Bg 


((R4)+1}— 16—(R5) =(R7)=(R6) 
Bg+ B19 


o 


(Bg + B19) — 1 


In Figures 20 and 21, worksheet example calculations are 
shown for 32x 16 and 80 x 24 display formats respectively. 
The following items are keyed to the figures. Basic para- 
meters (1) through have been provided; items 
through (4) are data about the CRT monitor and items 
through (10) are data about the user's desired display. 

(1) Calculate the approximate dot frequency. The user 
should verify that the bandwidth of his CRT 
monitor will accomodate this frequency. 

Calculate RO. The resultant answer will usually be 
an integer plus a fraction. Assume the next high 
integer. 

Fill in value for R71. 

Calculate R3. Use the next highest integer. In these 
examples the sync width was chosen to be one 
third of the horizontal blanking interval. 

Calculate R2. Again, use the next highest integer. 
Calculate tc, character tie. This is the time required 
for one scan line of one character block to be 
written. ; 

Calculate the exact dot frequency. 

Calculate tsj, scan line time. This is the time re- 
quired for one scan line of one character row to be 
written including retrace time. 


CO ©C© © 


©O© 


Calculate n. This is the total number of scan lines 
for each frame. Discard any fraction. 


Calculate N and R. 


Calculate R4. 
Fill in R5. 
Fill in R6. 


@QOOOE@ © 


Calculate R7. If there is no possible value for R7, 
then the display demands for the CRT monitor ex- 
ceed its capability. A compromise adjustment must 
be made in basic parameter 6, 8, or 10. 

Calculate RQ. 

Calculate tor. This the time required for one char- 
acter row to be written. 

Calculate thr. thr>B3. 

Calculate tyr. tyr > Bq. 


©O O© 


In Figure 20, calculation (B) verifies that the vertical period is 
16.667 milliseconds or 60 hertz. The expression used is: 


tor x [(R4) + 1] + [tg x (R5)] = Vp. 


Another check is calculation of horizontal sync pulse width 
R3. tc=PWys (typically approximately equals 4 
microseconds). 

For convenience, a blank worksheet is provided in Figure 
22. 


FIGURE 20 — CRTC WORKSHEET EXAMPLE CALCULATION (32 x 16) 


Basic Parameters (B1-B10) 


Intermediate Calculations 


Register Calculations 


Symbol Value Register Decimal Hex 
1. Horizontal frequency = 15750+500 (1) f' 32 x (5+ 2) = 427x106 (2) Ro 427x108 _ 386 
| 1—-11x10—6 15,750 x (5+ 2) 
15750 ~—j= 
2. Vertical frequency = 60 te 1 = 1.63x 19-6 GF! Bs =32 32 20 
- 35x 15750 | | 
R2 3243 33 21 
3. Minimum Horizontal = 11x 107-6 @) f 5+2 = 429x106 2 
retrace time 1.63 x 10-6 
R3 38 —32 = 2 2 
4. Minimum vertical = 10-3 ts| 39 x 1.63x 10-6 = 63.6x 10-6 3 
retrace time 
(1) R4 17-1= 16 10 
5. # of displayed Bi 282 6) 1 = 262 
characters per row 60 x 63.6 x 10-6 (12) R5 R=/7 7 
6. # of displayed =__16__ () N 17 «(3)R6- BG = 16 16 19 
charactor rows 
R7 16 10 
7. # of dots in character = S) R 262 = 7 
dot matrix row 7+8 . R8 
8. # of scan lines in char- = 7 tee (7+8) x 63.6x 10-6 = 954x 10-6 (6) R90 7+8-1= 14 OE 
actor ® matrix column 
R10 
9. Number of dots between = 2 thr (38 + 1—32)e(5 + 2) =11.42x 10-6 
horizontal adjacents 4.29x 1090 R11 ore eS ene 
10. Number of scan lines = 8 vr (15750 - 16(7+8)]x63.6x 10-6 =1.431x 10-3 Rl poe tee eet 
between vertical ) 60 R13 
adjacents ee ne a ee 
n Oe, \ Of = S 7 
Not eee ee airs Ua aes 3 | R14 
17~, a ee 


f = 60 Hz 
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FIGURE 21 — CRTC WORKSHEET EXAMPLE CALCULATION (80 x 24) 


Basic Parameters (B1-B10) Intermediate Calculations Register Caiculations 
Symbol Value Register Decimal 
1 ~11x 10-6 (18,600) (9) 
18600 
R1 B5=80 80 
2. Vertical frequency = 60 (6) tc 1 532.31x 10-9 
T7100 + 1° 18600 (5) R2 80+7 84 
2 
3. Minimum Horizontal = 11x10-6 () f 7+2 16.907 x 106 
retrace time | 532.31 x 10-9 (4) R3 RO-R1 7 
4. Minimum vertical = 1x107-3 ts| (100 + 1)(532.31 x 10-9) 53.76 x 10-6 
retrace time (1) R4 28 — 1 2/7 
5. # of displayed =__8 Qn 1 310 —«42)R5 R=2 02 
characters per row (60)(53.76 x 10-9) 
| (3)R6 = BB=24 24 
6. # of displayed =__24 (10 N 28 
charactor rows R7 (A) 25 
7. # of dots in character = 7 R 310 2 R8 0 
dot matrix row 11 | 
: RQ (9+2)—1 10 
8. # of scan lines in char- = 9 ter (9 + 2)(53.76 x 10-9) 591.39x 10-6 
actor ® matrix column R10 00 
9. Number of dots between = 2 @7) thr <= (101-—80)(7+2) 11.17x 10-6 R11 11 
horizontal adjacents 16.907 x 10 
4 R12 
10. Number of scan lines = Zz ‘vr <]18600 _ 94(11)153.76x 10-6 2:47 % 107 
between vertical 60 R13 
adjacents 
R14 
(A) (27 + 11~ L186 ee B2 = 1/[(to)(R4+ 1) + (tej) (RS) 
= 1/[(591.39 x 106)(28) + (53.76 x 10~ 6)(2)] R15 
26.722 R7 224 
= 1/16.667x 10-3 
= 60 
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FIGURE 22 — CRTC WORKSHEET 


Basic Parameters 


Symbol 

1. Horizontal frequency = f’ 

2. Vertical frequency = tc 

3. Minimum Horizontal = f 
retrace time 

4. Minimum vertical = ts 
retrace time 

5. # of displayed = n 
characters per row 

6. # of displayed = N 
charactor rows 

7. # of dots in character = R 
dot matrix row 

8. # of scan lines in char- = ter 
actor © matrix column 

9. Number of dots between = thr 


horizontal adjacents 


Hl 

ont 
< 
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10. Number of scan lines 
between vertical 
adjacents 


CRTC INITIALIZATION 


Register RO-R15 must be initialized after the system is 
powered up. The processor will normally load the CRTC 
register file from a firmware table. The program required to 
initialize the CRTC for a 80 x 24 format (example calculation 
#2) is shown in Figure 23. 

The CRTC registers will have an initial value at power up. 
When using a direct drive monitor (sans horizontal oscillator) 
these initial values may result in out-of-tolerance operation. 
CRTC programming should be done immediately after power 
up especially in this type of system. 


ADDITIONAL CRTC APPLICATIONS 


The foremost system function which may be performed by 
the CRTC controller is the refreshing of dynamic RAM. This 


intermediate Calculations 
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Register Calculations 


Value Register Decimal Hex 


RO 
Ri 
R2 clieataaeaiate atin 
R3 
R4 
R5 
-R6 
R7 
R8 
RQ 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 


is quite simple as the refresh addresses continually run. 

Note that the LPSTB input may be used to support addi- 
tional system functions other than a light pen. A digital-to- 
analog converter (DAC) and comparator could be configured 
to use the refresh addresses as a reference to a DAC com- 
posed of a resistive adder network connected to a com- 
parator. The output of the comparator would generate the 
LPSTB input signifying a match between the refresh address 
analog level and the unknown voltage. 

The light-pen strobe input could also be used as a 
character strobe to allow the CRTC refresh addresses to 
decode a keyboard matrix. Debouncing would need to be 
done in software. | 

Both the VS and HS outputs may be used as a real-time 
clock. Once programmed, the CRTC will provide a stable 
reference frequency. 
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FIGURE 23 — MC6800 PROGRAM FOR CRTC INITIALIZATION 


PAGE 001 CRTCINIT.SA:0 MC6845 CRTC Initialization Program 
00001 NAM MC6845 
00002 TTL / MC6845-1 CRIC initialization program 
00003 OPT G,S,LLE=85 print FCB's, FDB's & XREF table 
00004 KAKA HHA KHKHKKKKKEKKEK KKK AEREKEKEKEKEKKRERKEE KK KEKEKKERKKKKKEK 
00005 * Assign CRIC addresses 
00006 * 
00007 9000 A CRTICAD EQU $9000 Address Register 
00008 9001 A CRICRG EQU CRTCAD+1] Data Register 
00009 HKIHKHKKIKKKKHKAKKKEKEKKEKEKKEKAEKKEKEKEKAEKKKEKKEKKEEKEKREKKEKKKEREKEKK 
00010 * Initialization program 
00011 * 
00012A 0000 ORG 0 a place to start 
00013A 0000 5F CLRB clear counter 
00014A 0001 CB 1020 A LDX #CRTTAB table pointer 
00015A 0004 F7 9000 A CRTC1 STAB’ CRTCAD load address register 
00016A 0007 A6 00 A LDAA 0O,X get register value from table 
00017A 0009 B7 9001 A STAA CRTCRG program register 
00018A O00C 08 INX increment counters 
00019A OO00D 5C INCB . on 
00020A OOOE Cl 10 A CMPB $10 finished? 
00021A 0010 26 F2 0004 BNE CRTC1 no: take branch 
00022A 0012 3F yes: call monitor 
00023 SHH AKA HKKKKKEKKKKAAAAEEKAEKEKKKEEKEKKKKKKEEKKEKKKKEKKERKKKKKEKKEK 
00024 * CRTC register initialization table 
00025 * 80 x 24 non-interlaced format 
00026A 1020 ORG $1020 start of table 
00027A 1020 65 A CRTTAB FCB $64,$50 RO, RI - H total &H iveniayes 
A 1021 50 A 
00028A 1022 56 A FCB $54,$07 R2, R3 - HS pos. & HS width 
A 1023 09 A 
00029A 1024 18 A FCB $1B,$02 R4, R5 - V total & V total adj. 
A 1025 OA A . | 
00030A 1026 18 A FCB $18,$19 R6, R7 - V displayed $ VS pos. 
A 1027 18 A | 
O0031A 1028 00 A FCB $00,$0A R8, RO - Interlace & Max scan line 
| A 1029 OB A 
00032A 102A 00 A FCB $00,$0B R10,R11- Cursor start & end 
A 102B OB A 
00033A 102C 0080 A FDB $0080 R12,R13- Start Address 
00034A 102E 0080 A FDB $0080 R14,R15- Cursor Address 
00035 END 


TOTAL ERRORS O00000--00000 


CRTC 


0004 
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CRTCAD 9000 


CRTCRG 9001 


CRTTAB 1020 


Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under tts patent rights nor the rights of others. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 715-05 


S SUFFIX 
CERDIP PACKAGE 
CASE 734-04 


PACKAGE DIMENSIONS 


NOTES: | 
1. DIMENSION(-A-] IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 


3. [TJ] iS SEATING PLANE. 
4, DIMENSION “L” TO CENTER OF LEAOS 
WHEN FORMED PARALLEL. 
. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


MILLIMETERS | INCHES 
DIM! MIN | MAX | MIN | MAX 
50.29 Tarai hi 980 2.020 | 
BT aaa 359 0.576 - SUB 
279 432 T0110. 0.170 
0.38 | 0.53 Toois Poot 
“076 T 182 [0.030 0.060, 
0.100 ast 
0.20 | Tat 0.008 | 0. Ske 

254 457 | 0.1007 

14.99 775.65 | Tos907 08 AES 


if 


NOTES: 
1. DIM -A- 1S DATUM. 


2. POSITIONAL TOLERANCE FOR LEADS: 


| #' 8 0.25(0.010) @j T/A @| 

3. -T-] 1S SEATING PLANE. 

4. DIML TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

5. DIMENSIONS A AND B INCLUDE 
MENISCUS. 

6. DIMENSIONING AND TOLERANCING 


ot igceoena i “T9074 
1,52 0.040 0.060 


PALE IMETERS| INCHES 
DIM: MIN | MAX . MIN | MAX _| 
: "51.31! 63.24 | 2.020 2.096 | 

1270; 15.49" 0.500 , 0.610. 
; (406 1 684 10.180 0.230 
D 10.38 | 0.56 0.015 0.022 

"1.27 | 165 - 0.050 | 0.065 ' 
4 (254¢8sC (0.100 8SC_ 
J T 030 - 0.008 | 0.012 | 
3.18, 4.060.125 0.160 
L; 1824esc  O6008SC 


PER ANSI Y14.5, 1973. FRO 190 50 | 150 


rere jaja NOT aor 0.020 , 0.656 | 


P SUFFIX | 
PLASTIC PACKAGE 
CASE 711-03 


IMILLIMETERS! INCHES 
bm Min MAX | MIN | MAX | 
6298) 2.035; 2065 
rig.12 14.22 | 0.540 | 0.560 _ 


NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (0). 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN C1 39d SOR 01557 0.200 
RELATION TO SEATING PLANE AND D036) 0. 1.56. 0.014. 0022, 

patna . TF 771.02 1,52 | 0.040 | 0.060 ~ 

2. DIMENSION L TO CENTER OF LEAOS 1G 78 aSC COO. 100 BSC 

WHEN FORMED PARALLEL. H 

J 


216 0.065; 0085 


rae Byeyeytes KERR Hs, 3. DIMENSION 8 DOES NOT INCLUDE 0.38; 0.008 0.015 
Desh ieaT states ‘\ MOLD FLASH. K 343. 0.1157 0135 | 
rg t 
were slelee : F iad oO L 


15. aes i om BSC 
sh Ate Mi 9° 159 159 
t wh meer Raa, elapse ress 
ay LN 0.51. 1.02. an 0.040 __ 


MOTOROLA Semiconductor Products Inc. 


3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 © A SUBSIDIARY OF MOTOROLA INC. 
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CUSTOMER REGISTRATION 


Information on technical user required for sending 
software and hardware revisions. 


1. Item Purchased Serial Number 4. How did you first learn of our product? 


C1) Recommendation 0 Advertisement 0 News Article 0 Review Article 
Date of Purchase 


OC System/Software Vendor O Brochure 


Purchased From Name of Magazine/Vendor 


2. Your Company Name 
5. What will you use our product for? 


Address: C Business Graphics 
NY ae, (SRC i 8 es OID et C1 Computer Aided Design 
Narnia of Technical User phone Number C) Electrical O Mechanical 0 Architectual 0 Art 0 Other 
C] Video Production 
3. What equipment and software are you using? O Training O Art 0 Broadcast C Other 
COIN a Application Software: U1 Image Processing 
(1) Cartograhpy C1 Geographic 0 Medical 0 Other 
Operating System 
1 Scientific Engineering CJ Real Time Display 
Language 


1) Tektronix Emulation 0) Other 


LIMITED WARRANTY 


Control Systems (CS) warrants this Product to be in good working order for a period of 90 days from the date of purchase from CS 
or an authorized CS dealer. Should this Product fail to be in good working order at any time during this 90-day warranty period, CS 
will, at its option, repair or replace this Product at no additional charge except as set forth below. Repair parts and replacement 
Products will be furnished on an exchange basis and will be either reconditioned or new. All replaced parts and Products become 
the property of CS. This limited warranty does not include service to repair damage to the Product resulting from accident, 
disaster, misuse, abuse, or non-CS modification of the Product. 


Limited Warranty service may be obtained by delivering the Product during the 90-day warranty period to an authorized CS dealer 
or service center and providing proof of puchase date. If this Product is delivered by mail, you agree to insure the Product or 
assume the risk of loss or damage in transit, to prepay shipping charges to the warranty service location and to use the original 
shipping container or equivalent. Contact an authorized CS dealer or write to Control Systems Sales and Service Dept., 2855 
Anthony Lane S., Minneapolis, Minnesota 55418, for further information. 


ALL EXPRESS AND IMPLIED WARRANTIES FOR THIS PRODUCT INCLUDING THE WARRANTIES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO A PERIOD OF 90 DAYS FROM THE DATE OF 
PURCHASE, AND NO WARRANTIES, WHETHER EXPRESS OR IMPLIED, WILL APPLY AFTER THIS PERIOD. 


IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED ABOVE, YOUR SOLE REMEDY SHALL BE REPAIR 
OR REPLACEMENT AS PROVIDED ABOVE. IN NO EVENT WILL CS BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING 
ANY LOST PROFITS, LOST SAVINGS OR OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE 
OF OR INABILITY TO USE SUCH PRODUCT, EVEN IF CS OR AN AUTHORIZED CS DEALER HAS BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY. 


ir 


CONTROL SYSTEMS 


2855 Anthony Lane S., Minneapolis, MN 55418 
612/789-2423 Telex: 756 601 CNTRLSYS UD 
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